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[Name of Document] Specification 

[Title of the invention] DRIVING FORCE TRANSMISSION APPARATUS 
AND IMAGE FORMING APPARATUS USING THE SAME 
[Scope of the invention] 
5 [Claim 1] A driving force transmission apparatus for 

transmitting a driving force, by wearing one or plural an 
endless-shaped flat belts on plural tension members, 

the driving force transmission apparatus characterized 
in that plural through holes are formed in at least one of 
10 the flat belts ^along a travel direction of the at least one 
of the flat belts; and that at least one of the tension members 
over which said flat belt is worn is formed plural columns 
of projections engaging with the through holes of the flat 
belt along a rotation direction of said tension member. 
15 [Claim 2] The driving force transmission apparatus 

according to claiml, 

the driving force transmission apparatus characterized 
in that the through holes adjacent to each other in a width 
direction perpendicular to the travel direction of the flat 
20 belt are arranged at positions where the through holes are 
not overlapped with each other in the travel direction of the 
flat belt. 

[Claim 3] An image forming apparatus comprising a drive 
source for producing driving force; an image carrier driven 
25 by said driving force from the drive source; and a driving 
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force transmission apparatus for transmitting the driving force 
produced by said drive source to said image carrier, 

the image forming apparatus characterized in that said 
driving force transmission apparatus comprises a plurality 
5 of tension member disposed between the drive source and the 
image carrier; and one or a plurality of endless-shaped flat 
belts worn over the plurality of tension members, and 

that plural through holes are formed in at least one of 
the flat belts along a travel direction of the at least one 
10 of the flat belts; and that at least one of the tension members 
over which said flat belt is worn is formed plural columns 
of projections engaging with the through holes of the flat 
belt along a rotation direction of said tension member. 

[Claim 4] A driving force transmission apparatus for 
15 transmitting a driving force by wearing one or plural an 
endless-shaped flat belts on plural tension members, 

the driving force transmission apparatus characterized 
in that a free rotating member is formed on at least one of 
the tension members to be transmitted the driving force, the 
20 free rotating member having the same axis as a rotation axis 
of the at least one of the tension members and being freely 
rotatable, and that the flat belts are worn over adjacent tension 
members different from the tension member formed the free 
rotating member through the free rotating member. 
25 [Claim 5] The driving force transmission apparatus 
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according to claim 6, 

the driving force transmission apparatus characterized 

in that plural through holes are formed in at least one of 
the flat belts along a travel direction of the at least one 
5 of the flat belts; and that at least one of the tension members 
over which said flat belt is. worn is formed plural columns 
of projections engaging with the through holes of the flat 
belt. 

[Claim 6] The driving force transmission apparatus 

10 according to claim 6, 

the driving force transmission apparatus characterized 
in that the free rotating member Is positionally restricted 
by a position restriction member with respect to an axial 
direction of the rotation axis of the tension member.. 

[Claim 7] The driving force transmission apparatus 

according to claim 6, 

the driving force transmission apparatus characterized 
in that the free rotating member includes a position regulation 
portion for restricting a position thereof with respect to 

20 a width direction perpendicular to the travel direction of 
the flat belt worn thereover. 

(Claim 8] An image forming apparatus comprising a drive 
source for producing driving force; an image carrier driven 
by said driving force from the drive source; and a driving 

25 force transmission apparatus for transmitting the driving force 
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produced by said drive source to said image carrier, 

the image forming apparatus characterized in that said 
driving force transmission apparatus comprises a plurality 
of tension member disposed between the drive source and the 
5 image carrier; and one or a plurality of endless-shaped flat 
belts worn over the plurality of tension members, and 

that a free rotating member is- formed on at least one 
of the tension members to be transmitted the driving force, 
the free rotating member having the same axis as a rotation 
10 axis of the at least one of the tension members and being freely 
rotatable, and that the flat belts are worn over adjacent tension 
members different from the tension member formed the free 
rotating member through the free rotating member. 

[Claim 9] An image forming apparatus comprising a drive 
15 source for producing driving force; plural systems of image 
carriers driven by said driving force from the drive source; 
and a driving force transmission apparatus for transmitting 
the driving force produced by said drive source to said plural 

systems of image carriers, 

20 the image forming apparatus characterized in that the 

driving force transmission apparatus according to claim 1, 
or 4 is used as a driving force transmission apparatus for 
transmitting the driving force to the system of the image carrier 
which is applied to the highest load among the plural systems 

25 of the image carriers. 
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[Claim lOJAn image forming apparatus according to claim 
3 or 8, the image forming apparatus comprising two systems 

of image carriers, 

the image forming apparatus characterized in that the 
5 driving force transmission apparatus includes a first flat 
belt for transmitting the drive force to a first system of 
the image carrier from one drive source and a second flat belt 
for transmitting the drive force to a second system of the 
image carrier from the one drive source. 
10 [Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention belongs] 
The present invention generally relates to a driving force 
transmission apparatus used in an image forming apparatus such 
15 as a copying machine, a printer, a facsimile, or a composite 
type machine made of these appliances. More specifically, 
the present invention relates to an improvement in such' a driving 
force transmission apparatus for transmitting driving force 
by wearing, or tensioning an endless flat belt on a plurality 
of tension members, and also relates to an improvement in an 
image forming apparatus with employment of this driving force 
transmission apparatus. 
[0002] 

[Conventional Art] 
25 Driving force transmission apparatus which are utilized 
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in image forming apparatus such as a printer and a copying 
machine own such specific characteristics that structural 
defects of these driving force transmission apparatus may 
directly induce image defects. Under such a circumstance, 
5 various sorts and higher requirements such as high engaging 
rates, high transmission rate, and suppression of rotation 
fluctuations. 

in order to realize the high engaging rates and the high 
transmission rates, or in order to achieve the better low rotation 
10 fluctuation performance as driving force transmission apparatus 
of image forming apparatus according to the related art, there 
has been proposed a technique transmitting driving force to 
an image carrier by using helical gears {see, for instance, 
Japanese Laid-open Patent Applications No. Hei-9-80840, and 

15 No. Hei-5-72862) . 

Also, another technique using belts equipped with teeth 
has been proposed as driving force transmission member since 
employment of the belts equipped with teeth can realize lower 
rotation fluctuation performance than the employment of the 

20 helical gear. 

Furthermore, in order to realize a lower rotation 
fluctuation than that realized by employing the belt equipped 
with teeth, another technique using a helical gear belt has 
been proposed (see, for example, Japanese Laid-open Patent 

25 Applications No. Hei-9-160332 and No. Hei-10-2S903) . 



Received at: 10:23AM, 11/4/2003 

03-11- 4 ; 1 0 : 51 PM; NGB 



OLIFF 



;81355613954 



# 14/275 



[0003] 

In general, in the case that a helical gear is employed 
as a driving force transmission member, the engaging rate is 
made large easily, as compared with such a case that a spur 

5 gear is employed as this driving force transmission member, 
and also, a meshing between a drive gear and a driven gear 
is carried out slowly . As a result, it can be found that meshing 
vibrations which are transferred to this driven gear can be 
considerably reduced. However, in such a case that a gear 

10 is employed as such a driving force transmission member, such 
a technical problem cannot be avoided. Namely, rotation 
fluctuations are produced by a back lash. 

In other words, when the drive gear is meshed, or engaged 
with the driven gear so as to rotary-drive this driven gear, 

15 the teeth of the drive gear is mutually made in contact with 
the teeth of the driven gear only for a predetermined time 
duration. However, after this time duration elapses, the teeth 
of the drive gear and the teeth of the driven gear are brought 
into non-contact states until the next teethes are meshed with 

20 each other, which implies a back lash (play) . As a result, 
a back lash produces vibrations when the next teethes of these 
drive/driven gears are engaged with each other, and the driven 
gear constitutes a factor bywhich periodic rotation fluctuations 
occur (namely, engagement between teethes of gears are repeated) . 

25 This back lash cannot be in principle avoided in the case 
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that gears are used. In such a case that gears are employed 
as a driving force transmission member of an image forming 
apparatus, a driven gear is vibrated by such a gear engagement 
to be easily moved only by a movement corresponding to a back 
5 lash under non-constraint state. As a result, even such a 
small vibration force caused by the engagement vibration causes 
the per iodic concentration (density) fluctuations to be produced 

in an output image. 
{0004] 

10 Also, even when a helical gear is employed, a total number 

of meshed teeth cannot be largely increased, as compared with 
such a case that a spur gear is used. As a consequence, when 
a deformation problem as to teeth is considered, the helical 
gear is required to be manufactured by using such a material 

15 having a certain high hardness especially in a meshing contact 
portion thereof. 

However, in such a case that a drive gear made of a material 
having a high hardness is engaged with a driven gear made of 
a material having a high hardness, since a portion capable 

20 of absorbing vibrations produced by this gear engagement is 
not present in a driving force transmission path (namely, within 
transmission path in case that several rotating members are 
driven by gear train) , meshing vibrations which are produced 
bymeshing the drive gear with the driven gear are not attenuated, 

25 but are directly transferred to the driven gear. As a result, 
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there is another technical problem that periodic concentration 
fluctuations are produced in an output image. 
[0005] 

On the other hand, in a driving force transmission apparatus 
5 with employment of a belt equipped with teeth, since the belt 
equipped with the teeth which is meshed with a pulley is made 
of such a material as a rubber material having superior 
flexibility, it is so expected that vibrations produced by 
engaging the pulley with the belt equipped with the teeth are 

10 smaller than those produced by the gears . However, as a result 
of the actual measurement, there is substantially no difference 
between the vibrations produced by the belt equipped with the 
teeth and the gears, as explained as follows: 

That is to say, Fig. 19 is a diagram for representing 

15 rotation fluctuations in case that both a spur gear belt and 
a spur gear are employed as a driving force transmission member. 

As apparent from Fig. 19, even when the spur gear belt 
is employed, rotation fluctuation results thereof are obtained 
which are not different from those of the spur gear. 

20 Apparently, a rotation fluctuation can be improved by 

narrowing a pitch of teeth. However, when this pitch of the 
teeth is excessively narrowed, a so-called "teeth skipping 
phenomenon" caused by an increased load occurs, so that gears 
cannot be actually driven. Therefore, a great improvement 

25 could not be expected. As a result, even when the spur gear 
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belt is employed, it is impossible to avoid an occurrence of 
concentration fluctuations in an output image. 
[0006] 

Fig. 20 represents a relationship between a concentration 
5 fluctuation allowable value and a rotation fluctuation of an 
image carrier drum in an image forming apparatus such as a 
printer. 

In this drawing, such a rotation fluctuation level of 
the image carrier drum, at which a concentration fluctuation 

10 contained in an output image can be recognized, is equal to 
approximately 0.3 % in a speed variation rate of AVO-p (%) 
which constitutes an index of such a rotation fluctuation. 
When such a speed variation rate larger than, or equal to this 
fluctuation level occurs, there is a problem as to concentration 

15 fluctuations of the output image. As a consequence, the engaging 
vibration levels produced in the gears and the belt equipped 
with the teeth constitute a very serious problem in view of 
this concentration (density) fluctuation. 

In other words, as to the rotation fluctuation requirement 

20 as the image forming apparatus, very high levels are required. 
Even when a helical gear belt is employed, a so-called "teeth 
skipping phenomenon" occurs in a similar manner to that of 
the spur gear belt. It is practically difficult to achieve 
such an improvement that the rotation fluctuation level of 

25 the spur gear belt shown in Fig. 19 is reduced lower than, 
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or equal to the allowable value. 
[0007] 

As a consequence, as the techniques according to the related 
arts capable of solving such a technical problem, for instance, 
5 the following driving force transmission apparatus has already 
been proposed (see, for instance, Japanese Laid-open Patent 
Application No. Hei-7-319254) . That is, as a driving force 
transmission apparatus for moving outer peripheral planes of 
a plurality of image carrier drums by the same move amounts, 
l0 respectively, an endless-shaped flat belt is worn between a 
drive pulley and a driven pulley in order to transfer the driving 
force. 

in this type of driving force transmission apparatus, 
since the driving force is transferred between the flat belt 

15 andthepulley (drive pulley and driven pulley) by way of friction 
force, in principle, such meshing vibrations which are produced 
by meshing the gear with the belt equipped with the gear are 
not produced between the flat belt and the pulley. As a result, 
this technique according to the related art can effectively 

20 prevent the periodic concentration fluctuation from being 
produced in the output image, which occurs in such a case that 
the gear and the belt equipped with the gear are employed. 
[0008] 

[Problem to be Solved by the Invention] 
25 However, in this sort of driving force transmission 
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apparatus according to the related art using the flat belt, 
since the driving force transmission between the flat belt 
and the pulley is realizedby utilizing the friction transmission, 
another technical problem newly occurs, namely, a slip occurs 
5 between the flat belt and the pulley. 

In this case, Fig. 21 is a graph indicating a relationship 
between an average rotation speed of a driven pulley and load 
torque in a driving force transmission apparatus with employment 
of a flat belt. 

10 As indicated in Fig. 21, the average rotation speed of 

the driven pulley is rapidly lowered when the load torque exceeds 
a limit value. This reason is given as follows: That is, while 
the normal slip amount is similarly increased in connection 
with an increase in the load given to the driven pulley shaft 

15 (namely, driven shaft) , when the load becomes larger than, 
or equal to a certain limit value, the slip between the flat 
belt and the drive pulley, or the slip between the flat belt 
and the driven pulley is rapidly increased, so that the average 
rotation speed of the driven pulley is largely lowered. 

20 [0009] 

When the driving force is transferred in the vicinity 
of the load amount of the driven pulley shaft under such a 
condition, the speed of this driven pulley is brought into 
unstable condition while time has passed. As a result, color 

25 shifts (color deviation) and/or transfer fluctuations occur 
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10 



in an output image, so that the normal image forming operation 
cannot be carried out. In the worst case, the image forming 
apparatus is stopped or malfunctions. 

Also, in order to improve the limit value of the load 
5 torque, it is advantageous to increase the belt initial tension, 
in other words, since the belt initial tension is increased, 
depression force used to depress the belt against the pulley 
is increased. As a result, since the friction driving force 
is increased, the limit value of this load torque is increased. 

However, in such a case that a rubber belt and/or a resin 
belt is employed, rigidity of the belt itself is low, and thus, 
high tension cannot be applied thereto. As a result, the use 
of metal belts may be conceived in order to secure rigidity 
of a driving force transmission system and also to obtain stable 
15 driving force . However, since a friction coefficient between 
such a metal belt and a pulley is extremely smaller than a 
friction coefficient between either a rubber belt or a resin 
belt and a pulley, as represented in Fig. 33, a limit value 
of a load given to a driven pulley shaft cannot be largely 
20 improved. Even when doubled tension was applied to these rubber 
and resin belts, these belts could not be driven by achieving 
a target load amount of an image forming apparatus. 
[0010] 

Also, in order that a limit value of load torque is improved 
25 by employing a metal belt, in such a case that very large belt 



13 



Received at: 10:23AM, 11/4/2003 

03-11- 4 ; 1 0 : 51 PM i NGB 



OLIFF 



;81355613954 



# 21/275 



initial tension is applied to this metal belt, shafts for 
supporting pulleys are flexed. As a result, the alignment 
of the respective pulley shafts is shifted, and the metal belt 
is largely meandered. Accordingly, since the flat belt was 
5 rubbed under large force with respect to the belt edge guides 
provided on the pulleys, distortions were produced in belt 
edge portions, so that the flat belt was driven under unstable 

condition. 

As a consequence, under such a driven load condition 
10 predictable in an actual image forming apparatus, there is 
fatal defect, for instance, stable image forming operation 
cannot be realized. This metal belt employment could not also 
constitute the satisfactory solution. 
[0011] 

15 Furthermore, a winding angle of a belt to a pulley is 

increased, and whereby belt depression force given to the pulley 
by tension can be increased. As a result, increasing of the 
belt winding angle to the pulley is effective with respect 

to a slip of a belt. 

20 For instance, as indicated in Fig. 22, the following 

technique has already been proposed, i.e., while a driving 
pulley (not shown) is provided in a coaxial manner with respect 
to a plurality of photosensitive drums 500 <500x, 500M, 500C, 
500K) as a driving force transmission apparatus for the plural 

25 photosensitive, drums, a flat belt 510 is wound on this driving 
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pulley- In addition to both a drive tension pulley 501 and 
a driven tension pulley 502, several pieces of auxiliary tension 
pulleys 511 to 515 are provided, so that the winding angle 
of the flat belt 510 with respect to such a pulley for driving 
5 the photosensitive drums 500 can be secured to be large (for 
example, see Japanese Laid-open Patent Applications No. 
Hei-7-319254, No. Hei-10-111586, and No. Hei-10-161384) . 
Incidentally, in Fig. 22, a reference numeral 505 denotes a 
belt unit used in an intermediate transfer operation, or used 

10 to transport paper. 

However, in this type of driving force transmission 
apparatus, a large space is necessarily required so as to tension 
the belt (flat belt 510), and also, the supporting members 
for supporting the auxiliary tension pulleys 511 to 515 are 
15 necessarily provided. Such an arrangement is not preferably 
employed in view of compact/low cost aspects. 
[0012] 

Under such a circumstance, the Inventors of the present 
invention have considered such an embodiment with employment 
20 of a so-called perforation belt as a driving force transmission 
apparatus for, e.g. , image carrier drums of a color image forming 
apparatus . 

Figs. 23A and 23B show an outline of a driving force 
transmission apparatus with employment of a perforation belt. 
25 That is, a perforation belt 600 (Concretely speaking, a flat 
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belt 601 in which throughholes 602 are arranged in a predetermined 
pitch interval along a circulation move direction (namely, 
flat belt having holes) ) is worn over either a drive pulley 
603 or a driven pulley 603. Projections 604 corresponding 
5 to these through holes 602 are formed on an outer peripheral 
plane of this pulley 603. Then, while the projections 604 
of the pulley 603 are fitted to the through holes 602 of the 
flat belt 601, this perforation belt 600 is moved in a circulation 

manner . 

10 [0013] 

In such a type of driving force transmission apparatus, 

in comparison with the driving force transmission mode using 
the gear and also the belt equipped with the gear according 
to the related arts, respectively, there is no back 1 ash occurred 

15 when the through holes are engaged with the projections (even 
when clearances are present in the through holes and the 
projections, since the belt itself is wound on the pulley, 
the non-constraint condition does not occur) . The vibrations 
produced when the through holes are meshed with the projections 

20 can be reduced. Therefore, it is possible to prevent image 
defect such as periodic concentration fluctuation from occurring 

in the output image. 

Also, the driving force is transf erredbymutually engaging 
the projections 604 of each of the pulleys 603 with the through 
25 holes 602 of the flat belt 601. As a consequence, even when 
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a heavy load is applied, both the flat belt and the pulleys 
do not slip with each other, as compared with the case according 
to the related art that the driving force is transferred by 
using friction force exerted between the flat belt and the 
5 pulley. Therefore, it- is possible to avoid an occurrence of 
an image defect, for example, a color shift, or color deviation, 
and/or an image transfer fluctuation occurs in an output image. 

Fig. 24 represents a relationship between a load given 
to a driven pulley and an average rotation speed of the driven 
10 pulley in a driving force transmission apparatus using a 

perforation belt. 

As understood from this drawing, since the driving force 
is transferred by way of the perforation belt (namely, flat 
belt equipped with holes), under a state that a higher load 
15 than that of the normal flat belt is applied to this perforation 
belt, there is no risk that the average rotation speed is lowered 

due to slips. 
[0014] 

Also, when a driving force transmission apparatus using 
20 such a perforation belt is employed, a utility possibility 
of a material which is used as a flat belt and a pulley can 
be extended. In other words, in case that the driving force 
is transferred by using the friction force exerted between 
the flat belt and the pulley in the driving force transmission 
25 apparatus according to the related art, such a material having 



17 



Received at: 10:23AM, 11/4/2003 

03-11- 4 ; 1 0 : 51 PM ; NGB 



OLIFF 



;81355613954 



# 25/275 



a higher friction coefficient (for example, resin material) 
must be necessarily employed. It is essentially impossible 
to use any materials having low friction coefficients (for 
instance, metal materials) . 
5 However, in this embodiment using such a perforation belt, 

since the driving force is transferred by mutually engaging 
the projections 604 of the respective pulleys 603 with the 
through holes 602 of the flat belt 601, more proper materials 
can be selected irrespective of magnitudes of friction factors . 

10 [0015] 

However, in this driving force transmission apparatus 
with employment of the perforation belt, the slips which are 
produced in the embodiment using the normal belt are prevented 
by engaging the through holes of the f 1 at belt with the pro j ect ions 

15 formed on the pulleys . As a result, when the heavy load torque 
is applied to the driven pulley shafts, the force executed 
in the engagement between the through holes and the projections 
is increased. If the thickness of this perforation belt is 
thin, then distortions of the through holes are increased. 

20 Therefore, there is such a phenomenon that either the hole 
portions of the thorough holes or the pro j ections are destroyed. 
Normally, since rigid balls are used in projection portions, 
destruction occurs in hole portions of through holes of the 

perforation belt. 
25 In this case, in order to avoid destruction of through 
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holes formed in a perforation belt, the following measures 
may be conceived. That is, a tensile load of the perforation 
belt is decreased by enlarging a diameter of a pulley; a thickness 
of this perforation belt is made thicker; and since pitch 
5 intervals of through holes and also of projections formed on 
the pulley are narrowed, a total number of engagements in a 
region where the perforation belt is wound on both a drive 
pulley and a driven pulley is increased, 
[0016] 

10 However, in such a case that this sort of driving force 

transmission apparatus is applied to color image forming 
apparatus and the like, which are available in recent year, 
since these color image forming apparatus are progressively 
made compact in current year, diameters of pulleys cannot be 

15 extremely increased. In connection with this technical aspect, 
the following technical problem occurs. That is, when the 
thickness of this perforation belt is made thicker, rigidity 
of this perforation belt is increased, so that the perforation 
belt cannot be wound on the pulleys having the small diameters* 

20 Also, when the intervals of the through holes and also 

of the projections are gradually made narrow, the distortions 
occurred in the respective through holes cannot be absorbed 
among these through holes. As a result, the hole portions 
of the through holes are destroyed. 

25 Furthermore, this destruction of the through-hole portions 
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is caused not only by the load torque of the driven pulley 
shafts, but also the belt meandering operations. 
[0017] 

In other words, in such a driving force transmission system 
5 by way of a perforation belt, since belt initial tension is 
increased similar to that of a flat belt, a load torque limit 
value of a driven pulley shaft canbe improved. As a consequence, 
it is preferable to apply belt tension having a certain magnitude 
to this perforation belt. However, since such belt tension 
10 i sa ppli e dtothi S perforationbelt,thereisashiftinalignment S 

of the respective pulley shafts, which would cause meandering 
operations of the perforation belt. Although the meandering 
operation of the flat belt is prevented by using the guides, 
in accordance with the driving force transmission system by 

15 way of the perforation belt, when the clearances between the 
hole portions of the through holes and the projections are 
increased larger than the necessary clearance value, this method 
gives not good effects with respect to the rotation fluctuations . 
As a result, generally speaking, it is practically difficult 

20 to provide guides on pulleys over which the perforation belt 

is worn. 

As a consequence, similar to the load torque given to 
the driven pulley shaft, the hole portions of the through holes 
continuously receive the force along the meander direction 
25 also by the meandering operation of the belt while this 
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perforation belt is driven. Since this force produced by the 
belt meandering operation is synthesized with force produced 
by the load torque along the belt rotation force, the hole 
portions of these through holes are brought into such a condition 
5 that these hole portions maybe very easily destroyed. Further, 
the degrees of meandering operations are changed in response 
to a change in the belt tension caused by such a change in 
the load torque, and whereby the destruction phenomenon occurs . 
[0018] 

10 The present invention has been made to solve the 

above-explained technical problems, and therefore, has an object 
to provide a driving force transmission apparatus and an image 
forming apparatus with employment of this driving force 
transmission apparatus. That is to say, in such a driving 

15 force transmission apparatus in which an endless-shaped flat 
belt is worn over a plurality of tension members, while 
eliminating a transmission error of driving force which is 
caused by slips produced among the endless-type flat belt and 
the tension members such as pulleys, the driving force can 

2 0 be transferred under stable condition even under such a condition 
that a heavy load is given to a member to be driven. 

[0019] 

[Means for Solving the Problem] 
As shown in Fig. 1(a), the present invention is 
25 characterized in that in a driving force transmission apparatus 
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for transferring driving force by wearing either one or a 
plurality sets of endless-shaped flat belts 1 over a plurality 
of tension members 2 (for example, 2a to 2d), a plurality of 
columns of through holes 3 are formed in at least one of the 
5 flat belts 1 along a travel direction of the flat belts 1, 
a plurality of columns of projections 4 engaging with the through 
holes 3 are provided on at least one of tension members 2 over 
which the flat belts 1 is worn along a rotation direction of 
the tension member 2. 

10 Then, in Fig. 1(a), for example, when driving force derived 

from a drive source (not shown) is transferred to one tension 
member 2a, the driving force is transferred via this tension 
member 2a to the flat belt 1, and then, the driving force is 
transferred via this flat belt 1 to a member to be driven (not 

15 shown) which is provided in a coaxial manner to, for instance, 
tension members 2b and 2c. 
[0020] 

In such a technical means, as the endless-shaped flat 
belt 1, the present invention is not limited only to a single 
20 set of endless- shaped flat belt, but also to a plurality sets 
of endless-shaped flat belts. 

Also, the tension member 2 may be selected from any member 
capable of tensioning the flat belt 1, and thus, may widely 
involve a pulley, a roller, and the like. 
25 Furthermore, in view of stable transmissions of the driving 
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force, rigidity of each of members which constitute the driving 
force transmission apparatus is preferably selected to be high. 
As a result, preferably, the above-described flat belt 1 and 
tension member 2 is manufactured by employing such a material 
5 having a high rigidity, for example, a metal material. As 
a proper sort of metal materials, stainless steel is preferably 
employed in view of durability thereof. 

Furthermore, in the flat belt 1, a plurality of through 
holes 3 are arrayed along a travel direction of this flat belt 

10 1. Since the through holes 3 are fitted to the projections 
4 which are formed on the rotating tension member 2, these 
through holes 3 are provided in a predetermined pitch interval 
along the travel direction of this flat belt 1. 

Shapes of the projections 4 and of the through holes 3 

15 maybe arbitrarily selected. Generally speaking, considering 
the fitting characteristics between both the projections 4 
and the through holes 3, the shapes of the projections 4 are 
selected to be semi-spherical, whereas the shapes of the through 
holes 3 are selected to be circular. 

20 [0021] 

In particular, in accordance with the present invention, 
a plurality of columns of the above-described through holes 
3 formed in the flat belt 1 may be formed along the travel 
direction of the flat belt 1. 

25 In this case, the expression "the plurality of columns 
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of through holes are formed along the travel direction of the 
flat belt 1" implies that the plurality of columns of these 
through holes 3 are arrayed with respect to a width direction 
perpendicular to the travel direction of the flat belt 1, and 
5 this array method may be arbitrarily selected. 

As previously explained, when the plurality of columns 
of these through holes 3 are provided, even when heavy load 
torque is applied to shafts of the tension members 2 (for example, 
2b and 2c) which are coupled to the member to be driven, the 
10 force may be received in a distribution manner by the plurality 
of columns of these through holes 3. Therefore, destruction 
occurred in portions of the through holes 3 can be effectively 

prevented. 
10022] 

15 Also, as to a preferable array of these through holes 

3, such through holes 3 which are located adjacent to each 
other with respect to the width direction perpendicular to 
the travel direction of the flat belt 1 is preferably arranged 
at such a position where these through holes 3 are not overlapped 

20 with each other with respect to the travel direction of the 
flat belt 1. 

With this through-hole arrangement, the belt rigidity 
among the through holes 3 is secured, and whereby even when 
large tension is applied as the belt initial tension, the 
25 destruction occurred in the hole portions of the through hole 
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3 which is caused by the belt meandering operation can be 
effectively prevented. 
[0023] 

Furthermore/ when the invention related to the 
5 above-explained driving force transmission apparatus is applied 
to an image forming apparatus, the following image forming 
apparatus is accomplished. 

In other words, an image forming apparatus according to 
the present invention is an image forming apparatus having 

10 a drive source for generating driving force; an image carrier 
rotary-driven by receiving the driving force generated from 
the drive source; and a driving force transmission apparatus 
for transferring the driving force generated from the driving 
source to the image carrier, as shown in Fig. 1 (a) , the driving 

15 force transmission apparatus comprising a plurality of tension 
members 2 arranged between the drive source and the image carrier; 
and either one or a plurality of endless-shaped flat belts 
1, which are worn over these plural tension members 2; wherein 
a plurality of columns of through holes 3 are formed in at 

20 least one of flat belts 1 along a travel direction of the flat 
belts 1; and a plurality of columns of projections 4 engaging 
with the through holes 3 are provided on at least one of tension 
members 2 over which the flat belt 1 is worn along a rotation 
direction of the tension member 2. 

25 Here, as the image carrier, in addition to a photosensitive 



25 



Received at: 10:23AM, 11/4/2003 



03-11- 4;10:51PM;NGB 



OLIFF 



; 81 35561 39 54 



# 33/275 



member, an intermediate transfer member and a sheet, such as 
paper, transport member are included. As modes of these image 
carrier members, in addition to a drum-shaped (cylindrical) 
member, an endless-type belt member is included. 
5 [0024] 

In accordance with such an image forming apparatus, in 
the case that the above-described driving force transmission 
apparatus is applied as the image forming apparatus, in 
comparison with the driving force transmission mode according 

10 to the related art using the gear and the belt equipped with 
the gear, there is no vibration occurred when the through holes 
are engaged with the projections and thus it is possible to 
prevent such a problem that an image defect such as periodic 
concentration (density) fluctuation occurs in the outputs image* 

15 Also, the driving force is transferred by mutually engaging 

the projections 4 of each of the tension members 2 with the 
through holes 3 of the flat belt 1. As a consequence, even 
when a heavy load is applied, both the flat belt and the pulleys 
do not slip/ as compared with the related art in which the 

20 driving force is transferred by using friction force exerted 
between the flat belt and the pulley. Furthermore, even when 
a larger load is given, there is no risk that the hole portions 
of the through holes 3 are not destroyed. Therefore, it is 
possible to prevent an occurrence of an image defect, for example, 

25 a color shift, or color deviation, and/or an image transfer 
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fluctuation occur in an output image. Thus, the stable image 
forming operation may be carried out. 
[0025] 

Moreover, in view of energy saving aspect and cost reduction 
5 aspect, there is such a trend that the rotation loads given 
to the image carriers are increased in the below-mentioned 
cases: that is, not only such image carriers, but also rotation 
members such as a transfer roller and an electrostatic charging 
roller are rotary-driven by a single drive source, while these 
10 rotation members are rotary-driven in contact with the image 
carriers; and in order to reduce a total number of components, 
slide bearings are employed instead of roller bearings as to 
the bearings used for these image carriers and other rotation 
members . As a consequence, the present invention is preferably 
15 applied to such an image forming apparatus. 

[0026] 

Also, there are such image forming apparatus equipped 
with a plurality of systems of image carriers among image forming 
apparatus . 

20 In this case, in order to avail merits of the present 

invention, that is, even when the rotation load is large, no 
slip occurs between the flat belt 1 and the tension members 
2 such as the pulleys; the destruction of the hole portions 
of the through holes 3 formed in the flat belt 1 can be prevented; 

25 and no image defect is produced, for example, neither color 
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5 



shifts, nor transfer fluctuations occur in output images, the 
present invention is preferably applied to the plurality of 
systems of image carriers to which heavier rotation loads are 
applied. 

in such a case, an image forming apparatus of the present 
invention is realized by such an image forming apparatus 
comprising: a drive force for generating driving force; an 
image carrier rotary-driven by receiving the driving force 
generated from the drive source; and a driving force transmission 
10 apparatus for transferring the driving force generated from 
the driving source to the image carrier, the driving force 
transmission apparatus shown in Fig. 1 may be employed as such 
a driving force transmission apparatus capable of transferring 
the driving force to a system of an image carrier, in which 
15 the largest rotation load is applied, among plural systems 

of image carriers. 

in this embodiment, the expression "driving force 
transmission apparatus capable of transferring driving force 
to system of image carrier, the rotation load of which is the 

20 largest load" implies such a driving force transmission system 
provided for a subject image carrier in such an assumption 
that there are plural image carriers belonging to a certain 
system, and driving force transmission systems for the respective 
image carriers are provided in a parallel manner. Also, this 

25 "driving force transmission apparatus" implies an entire driving 
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■ 

force transmission system for a plurality of image carriers 
which contain such an image carrier having the largest rotation 
load in such an assumption that there are plural image carriers 
belonging to a certain system, and driving force transmission 
5 systems for the respective image carriers are provided in a 



series manner. 



[0027] 



Furthermore, in such a case that a plurality of systems 
of image carriers are rotary-driven by a single drive source, 
10 there is such a risk that disturbance applied to one system 
of image carriers may give an influence to another image carrier . 
As this disturbance, the following cases are conceivable. 
For instance, a cleaning apparatus is made in contact with 
a transfer apparatus, and/or is separated from this transfer 
15 apparatus, and an article rides over a recording sheet, and/or 
ride down this recording sheet. 

in such a case, in an image forming apparatus equipped 
with two systems of image carriers, according to the present 
invention, a driving force transmission apparatus may comprise: 
20 a first flat belt for transferring driving force from one drive 
source to a first system of an image carrier; and a second 
flat belt for transferring driving force from one drive source 
to a second system of an image carrier. 

Since the image forming apparatus is configured in such 
25 a manner, even in a case that certain disturbance is applied 



29 



Received at: 10:23AM, 11A/2003 

03-11- 4 ; 1 0 : 51 PM ; NGB 



OLIFF 



;81355613954 



# 37/275 



to the first system of the image carrier and then this disturbance 
is transferred via the first flat belt to the drive source, 
the drive source may cancel this disturbance based upon its 
characteristic, so that this disturbance is not transferred 
5 via the second flat belt to the second system of the image 
carrier. As to this characteristic of the drive source, 
concretely speaking, while the drive source produces the drive 
torque (namely, summation of load torque applied to both. first 
flat belt and second flat belt) from the own drive source to 

10 rotate, the disturbance is penetrated through a large DC torque 
generating source, by which an adverse influence with respect 
to this disturbance may become small, rather than such a case 
that a driven pulley directly receives disturbance (torque 
variation) from a flat belt, since the holding power of the 

15 drive source is made effective. Conversely, when the 

disturbance is applied to the second system of the image carrier, 
a similar effect may be achieved. 
[0028] 

in this case, various embodiments may be conceived as 
20 to a relationship of two systems of image carriers: That is, 
for example, 1) the first system of the image" carrier directly 
contacts with the recording sheet, but the second system of 
the image carrier does not directly contact with this recording 
sheet; 2) a color of a toner image held on the image carrier 
25 surface belonging to the first system is different from a color 
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of a toner image held on the image carrier surface belonging 
to the second system; 3) the cleaning apparatus does not abut, 
but also is not separated from the first system of the image 
carrier, whereas the cleaning apparatus abuts, and is separated 
5 from the second system of the image carrier; 4) the transfer 
apparatus does not abut, but also is not separated from the 
first system of the image carrier, whereas the transfer apparatus 
abuts, and is separated from the second system of the image 
carrier; and also 5) both the cleaning apparatus and the transfer 
10 apparatus abut and are separated from the first and second 
systems of these image carriers at different timing. 
[0029] 

Also, a driving force transmission apparatus, according 
to another aspect of the present invention, is featured by 

15 such a driving force transmission apparatus for transferring 
driving force by wearing either one or a plurality of endless 
type flat belts 1 over a plurality of tension members 2 (for 
example, 2a to 2c), as indicated in Fig. 1(b), in which a free 
rotating member 5 is provided on at least one (for example 

20 2a) of these tension members 2 to which the driving force is 
transferred in such a manner that the free rotating member 
5 is freely rotatable, and is arranged in a coaxial manner 
with respect to a rotation shaft of this tension member 2a; 
and the flat belt 1 is worn via the free rotating member 5 

25 overtensionmembers2 (for example, 2b and 2c) which are different 
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from the tension member (for example, 2a) on which this free 
rotating member 5 is provided, and are located adjacent to 

each other. 
[0030] 

' 5 Then, in Fig. 1(b), when the driving force is transferred 

to the tension member 2 (for example, 2a), the driving force 
is transferred via this tension member 2a to the flat belt 
1, and then, the driving force is transferred via this flat 
belt 1 to a member to be driven (not shown) which is provided 

10 in a coaxial manner to, for example, the tension members 2b 
and 2c. 

At this time, since the flat belt 1 is worned via the 
free rotating member 5 with respect to the tension members 
2b and 2c, the winding angle of this flat belt 1 with respect 

15 to the tension members 2b and 2a may be secured as a sufficiently 
large winding angle, and also the friction resistance between 
this flat belt 1 and the tension members 2b/2c to which the 
driven member is coupled may become sufficiently high friction 
resistance. Thus, the driving force derived from the flat 

20 belt 1 may be firmly transferred to the tension members 2b 
and 2c. 

On the other hand, since the free rotating member 5 is 
freely rotatably provided on the rotation shaft of the tension 
member 2 (for example, 2a) in a coaxial manner, there is no 
25 necessity for especially securing the setting space of the 
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free rotating member 5. 

As a consequence, the extra members for conventionally 
supporting the auxiliary tension pulley, and also the specific 
space are not required. Also, the winding angle of the flat 
5 belt 1 can be set to a sufficiently large winding angle with 
respect to the tension members 2 (for example, 2b and 2c) to 
which the driving member is coupled. 
[0031] 

In such a technical means, as the flat belt 1, the present 
10 invention is not limited only to a single set of flat belt, 
but also to plural sets of flat belts . Also, the tension member 
2 may widely involve a pulley, a roller, and the like. 

in this case, the expression "tension member 2 {for example, 
2a) to which driving force is transferred" implies that the 
15 tension member 2 may be directly coupled to the drive source, 
or the tensionmember 2 maybe driven by another drive transmission 
system. 

Furthermore, the expression "free rotating member 5" 
implies such a member which can be freely rotated and must 
20 be provided in a coaxial manner with respect to the rotation 
shaft of the tension member 2 (for example, 2a) to which the 
drive force is transferred, and may widely involve a bearing, 
a collar, and the like. 
[0032] 

25 Also, in the mode shown in Fig. 1(b), the flat belt 1 
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may involve the normal belt. Alternatively, in view of 
effectively avoiding the slip produced between the flat belt 
1 and the tension member 2, the following modification mode 
may be preferably employed. That is, while either one column 
5 or plural columns of through holes (not shown) are formed in 
at least one of flat belts 1 along a travel direction of this 
flat belt, projections (not shown) Which are fitted to the 
through holes of the flat belt 1 are provided on at least one 
of tension members 2 over which this flat belt 1 is worn. 

10 in accordance with such a modification mode, since the 

winding angle of the flat belt 1 with respect to the tension 
member 2 can be made large, the force which is exerted to the 
through-hole portions fitted to these projections can be 
distributed, and the destruction of these through hole portions 

15 can be effectively prevented. 

[0033] 

Furthermore, when the free rotating member 5 is moved 
along the rotation shaft direction of the tension member 2, 
since the flat belt 1 which Is worn over this free rotating 
20 member 5 is meandered, it is preferable to restrict the position 
of this free rotating member 5 along the shaft direction, in 
view of such a technical aspect that the meandering operation 
of the flat belt 1 is effectively prevented. 

in this case, the free rotating member 5maybepositionally 
25 restricted by a position restriction member (not shown) with 
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respect to the shaft direction of the rotation shaft of the 

tension member 2. 

Furthermore, even when the free rotating member 5 itself 
is positionally restricted along the shaft direction, there 
5 is such a risk that the flat belt 1 itself which is worn over 
the free rotating member 5 is meandered. In view of such a 
technical aspect capable of effectively preventing the 
occurrence of such a belt meandering operation, it is preferable 
that a position of the free rotating member 5 is restricted 

10 in an axial direction. 

The expression "position restricting portion" may widely 
involve projections which are fitted to through holes if the 
flat belt 1 is equipped with the through holes, and also a 
restriction wall capable of preventing the meandering operation 

15 of the flat belt 1. 

[0034] 

Furthermore, when the inventive idea related to the 
above-explained driving force transmission apparatus is applied 
to an image forming apparatus, the following image forming 
20 apparatus may be accomplished. 

In other words, an image forming apparatus, according 
to the present invention, is featured by such an image forming 
apparatus comprising: a drive source for generating driving 
force; an image carrier rotary-driven by receiving the driving 
25 force generated from the drive source; and a driving force 
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transmission apparatus for transferring the driving force 
generated from the driving source to the image carrier, as 
represented in Fig. Kb), in which: the driving force 
transmission apparatus is comprised of: a plurality of tension 
5 members 2 (for example, 2a to 2c) arranged between the drive 
source and the image carrier; and either one or a plurality 
of endless-shaped flat belts 1, which-are worn over these plural 
tension members 3; a free rotating member 5 which is freely 
rotatable and is arranged in a coaxial manner with respect 

10 to a rotation shaft of one tension member (for example, 2a) 
among the tension members 2 is provided on at least one tension 
member 2a, to which the driving force is transferred; and also 
the flat belt 1 is worn via the free rotating member 5 with 
respect to such tension members 2 (for example, 2b and 2c) 

15 which are located adjacent to each other, and are different 
from the tension member 2a where this free rotating member 

5 is provided. 
[0035] 

In accordance with such an image forming apparatus, the 
20 driving force transmission apparatus indicated in Fig. Kb) 
can secure the large winding angle of the flat belt I with 
respect to a plurality of tens ion members 2 without unnecessarily 
enlarging the layout space, and also can reduce the transmission 
error of the driving force. As a consequence, while this image 
25 forming apparatus can satisfy the requirements of compact/low 
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cost aspects, it is possible to avoid an occurrence of an image 
defect, for example, a color shift, or color deviation, and/or 
an image transfer fluctuation occurred in an output image. 
Thus, the stable image forming operation may be carried out. 
S Moreover, in view of energy saving aspect and also cost 

reduction aspect, there is such a trend that the rotation loads 
given to the image carriers are increased in the below-mentioned 
cases : That is, not only such image carriers, but also rotation 
members such as a transfer roller and an electrostatic charging 

10 roller are rotary-driven by a single drive source, while these 
rotation members are rotary-driven in contact with the image 
carriers; and in order to reduce a total number of components, 
slide bearings are employed instead of roller bearings as to 
the bearings used for these image carriers and other rotation 

15 members- As a consequence, the inventive idea of the present 
invention may be preferably applied to such an image forming 

apparatus . 
[0036] 

Also, there are such image forming apparatus equipped 
20 with plural systems of image carriers among image forming 
apparatus. In this case, the inventive idea of the present 
invention may be preferably applied to plural systems of image 
carriers to which heavier rotation loads are applied similar 
to the image forming apparatus into which the driving force 
25 transmission apparatus shown in Fig. 1(a) has been assembled. 
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In such a case, an image forming apparatus of the present 
invention may be realized by such an image forming apparatus 
comprising: a drive force for generating driving force; an 
image carrier rotary-driven by receiving the driving force 
5 generated from the drive source; and a driving force transmission 
apparatus for transferring the driving force generated from 
the driving source to the image carrier, the driving force 
transmission apparatus shown in Fig. 1 (b) may be employed as 
such a driving force transmission apparatus capable of 

10 transferring the driving force to a system of an image carrier, 
in which the largest rotation load is applied, among plural 
systems of image carriers. 

Furthermore, in the case that two systems of image carriers 
are rotary-driven by a single drive source, an image forming 

15 apparatus, according to the present invention, may be realized 
by that in an image forming apparatus equipped with two systems 
of image carriers, a driving force transmission apparatus may 
be comprised of: a first flat belt for transferring driving 
force from one drive source to a first systemof an image carrier; 

20 and a second flat belt for transferring driving force from 
one drive source to a second system of an image carrier. 
[0037] 

[Embodiment of the Invention] 

Referring now to the accompanying drawings, the present 
25 invention will be described in detail. 
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0 Embodiment 1 

Fig - 2 is a sect ional di agr am for schemat i cal ly repres ent ing 

an embodiment 1 of a copying machine (image forming apparatus) 
80 to which the present invention is applied. 
5 In this drawing, an arrangement of this copying machine 

80 will now be explained, while this arrangement is subdivided 
into an image input system, an image forming system, and a 
sheet transporting system. 

The image input system is provided with an original mounting 
10 base 70 on which an original is mounted, an original reading 
apparatus 71 for reading the original mounted on this original 
mounting base 70, and an image processing apparatus 72 for 
processing image information read by this original reading 
apparatus 71. 

15 The image forming system is provided with an image forming 

station 10, an exposing apparatus 13, two first intermediate 
transfer drums 31, and one second intermediate transfer drum 
32. The image forming stations 10 (concretely speaking, 
reference numerals 10K, 10Y, 10M, IOC, namely, portions 

20 surrounded by dotted lines in this drawing) correspond to each 
of black, yellow, magenta, and cyan colors. The exposing 
apparatus 13 (concretely speaking, reference numerals 13K to 
13C) expose the image forming stations 10 in response to image 
data supplied from the image processing apparatus 72. Images 

25 formed in the respective image forming stations 10 are 
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sequentially transferred to and held on the two first 
intermediate transfer drums 31 (concretely speaking, reference 

numerals 31a and 31b) . 
[0038] 

5 In this case, each of the image forming stations 10 is 

equipped with electrophotographic devices such as a 
photosensitive drum 11 (concretely speaking, reference numerals 
UK to 11C), a charging apparatus 12 (concretely speaking, 
reference numerals 12K to 12C) charging the photosensitive 

10 drum 11, a developing apparatus 14 {concretely speaking, 

reference numerals 14K to 14C) developing a latent image written 
on the charged photosensitive drum 11 by using the exposing 
apparatus 13by using the respective color toners and the like* 
Incidentally, (primary) transferring apparatus (not 

15 shown) are arranged at portions where the respective 

photosensitive drums 11 (UK to 11C) and the first immediate 
transfer drums 31a and 31b face to each other and (secondary) 
transferring apparatus (not shown) are provided at portions 
where the first intermediate transfer drums 31a and 31b and 

20 the second intermediate transfer drum 32 face to each other. 

[0039] 

Furthermore, the sheet transporting system is provided 
with a sheet tray 40 on which recording sheets such as paper 
are stacked/mounted, a pick-up roller 41 for picking up the 
25 recording sheets in the sheet tray 41 one by one, a register 
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roller 42 for positioning the picked-up recording sheets, a 
(thirdly) transfer roller 43 for transferring the image on 
the second intermediate transfer drum onto the recording sheets, 
a fixing roller 44 for fixing the image transferred onto the 
5 recording sheets, and an ejection tray 45 for storing thereinto 
the ejected recording sheet.. 
[0040] 

Next, a description will now be made of basic full-color 
copying operations of such a copying machine 80. 

10 First, when a user mounts an original to be read on the 

.original mounting base 70, and then, instructs a full-color 
copying operation by using a user interface (not shown) , the 
image reading apparatus 71 scans this original so as to optically 
read the content of this scanned original, and then, converts 

15 the read original content into an electric signal (image data 
"I") . This image data I is color-separated into a black color, 
a yellow color, a magenta color, and a cyan color in the image 
processing apparatus 72 . Also, this image processing apparatus 
72 performs such an image processing operation that a 

20 predetermined weighting factor in which a characteristic of 
marking device/process is taken into consideration is applied 
to the image data "I (namely, IK, IY, IM, IC) n having these 
colors . 



25 



[0041] 

On the other hand, the photosensitive drums 11 employed 
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within the respective image forming stations 10 are rotary-driven 
by a belt driving apparatus 100 (see Fig. 3 and Fig. 4, will 
be explained later) along directions indicated by arrows as 
shown in this drawing. The surfaces of these photosensitive 
5 drums 11 are uniformly charged at a predetermined potential 
by the charging apparatus 12. Then, the respective exposing 
apparatus (13K to 13C) expose exposure light corresponding 
to the respective image data I (IK to IC) onto the surfaces 
of the respective photosensitive drums 11 (UK to HC) at 

10 predetermined timing, so that latent images are formed by 
potential differences on the surfaces of the respective 
photosensitive drums 11 (11K to 11C) . The latent images are 
converted into toner images »T» (K, Y, M,. C) in such a manner 
that the toners are electrostatically adhered onto these latent 

15 images by the respective developing apparatus 14 (14K to 14C) - 

[0042] 

On the other hand, both the first intermediate transfer 
drums 31a/31b, and the second intermediate transfer drum 32 
are rotary-driven by the belt driving apparatus 100 (see Fig. 

20 3 and Fig. 4, will be explained later) along directions indicated 
by arrow, as shown in this drawing. Then, this toner image 
T(K, Y) is electrostatically transferred from the photosensitive 
drum 11 (UK, 11Y) to the first intermediate transfer drum 
31a by a primary transferring apparatus (not shown) and the 

25 toner image KM, C) is electrostatically transferred (primary 
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transfer) from the photosensitive drum 11 (HM r 11C) to the 
first intermediate transfer drum 31b. In this case, the toner 
image T (K, Y) is superimposed with each other on the surface 
of the first intermediate transfer drum 31a and the toner image 
5 T(M, C) is superimposed with each other on the surface of the 
first intermediate transfer drum 31b. 
[0043] 

Furthermore, the toner image T (KY) superimposed with each 
other on the first intermediate transfer drum 31a is 

10 electrostatically transferred (secondary transfer) to the 
second intermediate transfer drum 32 by a secondary transferring 
apparatus (not shown), and similarly, the toner image (MC) 
superimposed with each other on the first intermediate transfer 
drum 31b is electostatically transferred to this secondary 

15 intermediate transfer drum 32. In this case, the toner image 
T (KY) is superimposed with the toner image T (MC) on the surface 
of the second intermediate transfer drum 32, so that a 
full-colored toner image (KYMC) is formed thereon. 

As explained above, while the toner image T (KYMC) is formed, 

20 one sheet of the recording sheet "S" stored in the sheet tray 
40 is picked-up by the pick-up roller 41, and then, is transported 
to the register roller 42. For instance, the register roller 
42 starts to be rotated from the stop condition up to predetermined 
timing, whereby a timing when the full-colored toner image 

25 T (KYMC) electrostatically formed on the second intermediate 
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transfer drum 32 is reached to a nip portion (not shown) with 
respect to the transfer roller 43 coincident with another timing 
when the recording sheet S is reached to this nip portion. 
Thus, the full-colored toner image T(KYMC) formed on the second 
5 intermediate transfer drum 32 is electrostatically transferred 

to the recording sheet S . 

Thereafter, when the recording- sheet S passes through 
the nip portion of the fixing roller 44, while the full-colored 
toner image T (kymc) is electrostatically held on the surface 
10 of this recording sheet S, this full-colored toner image T (KYMC) 
is fixed on this surface by receiving heat (thermal energy) 
and pressure given from the respective fixing rollers 44 and 
also effects thereof, and then, the recording sheet S on which 
the full-colored toner image has been fixed is ejected to the 
15 ejection tray 45 provided outside the copying machine 80. 

While such a series of copying steps is defined as one 
cycle, this copy cycle is continuously carried out, so that 
full-colored images can be successively copied. 
[0044] 

Fig. 3 is a perspective view showing the belt driving 
apparatus 100 which drives this copying machine 80 . This drawing 
shows a structure of this belt driving apparatus 100, as viewed 
from a rear surface side of Fig. 2. Incidentally, Fig. 4(a) 
is an explanatory diagram showing a front view of the belt 
25 driving apparatus 100 of Fig. 3, and Fig. 4 (b) is an explanatory 
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diagram showing a plan view thereof. 

in the drawings, the belt driving apparatus 100 is employed 
so as to drive the respective photosensitive drums 11 (UK 
to 11C), the first intermediate transfer drums 31a, 31b, and 
5 also the second intermediate transfer drum 32. This belt driving 
apparatus 100 is provided with two flat belts 101/102, and 
various sorts of tension members on- which these flat belts 
101 and 102 are tensioned, or worn. 

in this case, as the above-described tension member, there 
10 are driven pulleys 111 to 117, and tension pulleys 121 and 
122 for circulating the respective flat belts 101/102. The 
driven pulleys 111 to 117 are mounted on one. ends of the respective 
photosensitive drums 11 (UK to 11C), the first intermediate 
transfer drums 31a/31b, and the second intermediate transfer 
15 drum 32 along axial directions thereof. 

Incidentally, in this embodiment, the driven pulley 117 
mounted on the second intermediate transfer drum 32 owns a 
two-stage belt hanging plane over which the first flat belt 
101 and the second flat belt 102 are hung, respectively. 

20 [0045] 

Then, the first flat belt 101 is hung over the tension 
pulley 121, the driven pulleys 111 to 114 which are mounted 
on the axes of the respective photosensitive drums 11 (UK 
to UC), and the driven pulley 117 which is mounted on the 

25 axis of the second intermediate transfer drum 32. 
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on the other hand, the second flat belt 102 is hung over 
the tension pulley 122, the driven pulleys 115 and 116 which 
are mounted on the axes of the first intermediate drums 31a/31b, 
and the driven pulley 117 which is mounted on the axis of the 
5 second intermediate transfer drum 32. 

Incidentally, pulley shafts (not shown) provided with 
the respective pulleys 111 to 117, 121, and 122 are supported 
by respective slide bearings which are provided on side surfaces 
of the copying machine 80, and therefore, these pulley shafts 
10 can be freely rotated. 

[0046] 

In this case, the way how to apply power derived from 
a driving motor (drive source, i.e., not shown) to which shaft 
is that it is preferable to employ such configuration that 
15 the driving force derived from the driving motor is inputted 
to a pulley shaft having large winding angles between flat 

belts and pulleys. 

In this embodiment, for instance, the driving force derived 
from the driving motor may be set to be inputted to the shaft 
20 of the second intermediate transfer drum 32. Alternatively, 
the driving force derived from the driving motor maybe inputted 

to another pulley shaft. 

Resin materials maybe employed as manufacturing materials 

of these flat belts 101 and 102. However, metal materials 
25 such as stainless steel, nickel, and titanium are preferably 
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used in view of durability and processing precision etc. More 
specifically, stainless steel is more preferably employed in 
view of cost, durability, and mechanical strengths etc. 

Similarly, resinroaterialsmaybeemployedas manufacturing 
5 materials of these pulleys, however, metal materials such as 
stainless steel, aluminum, and carbon steel are preferably 
used in view of durability and processing precision etc. More 
specifically, generally speaking, a pulley made of a metal 
owns larger inertia moment, as compared with a pulley made 
10 of resin. As a result, this metal pulley may expect an 

attenuation effect with respect to high frequency vibrations 
such as mesh vibrations, which may induce a problem, i.e., 
image defect of an image outputted from an image forming apparatus . 
in view of this attenuation effect, a metal material is 
15 preferably employed as this pulley material. In particular, 
a stainless steel is more preferably employed as this pulley 
material among the metal materials in view of these cost, 
durability, and mechanical strengths. 
[0047] 

20 Fig. 5 is an explanatory diagram showing structures of 

a flat belt and a pulley more in detail. 

in this case, the flat belts 101/102 and the respective 
pulleys HO (namely 111 to 117, 121, 122), which are employed 
so as to drive the intermediate transfer drums of Fig. 2, will 

25 now be described as an example. 
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A not shown cleaner abuts against the first intermediate 
transfer drums 31a and 31b shown in Fig. 2, and thus, a relatively 
heavier load is given to these first intermediate transfer 
drums, as compared with other drums- As a consequence, in 
5 this embodiment, plural columns (three columns in this example) 
of through holes 130 are formed in the first and second flat 
belts 101 and 102 along travel directions thereof. Also, plural 
columns (three columns in this example) of projections 140 
are formed on either all or a portion of these pulleys 110 
10 {a case of all pulleys is illustrated in this example) . These 
projections 140 are located in correspondence with the through 
holes 130 of the flat belts 101 and 102. Since the projections 
140 of the pulley 110 are fitted to the through holes 130 of 
the flat belts 101/102, the stable driving operations of the 
15 flat belts 101/102 is realized. 

In this embodiment, for example, circular holes are employed 
as the through holes 130 and semi-spherical-shaped projections 
are used as the projections 140. 
[0048] 

20 In this embodiment shown in Fig- 5(a), 5(b), 5(c), the 

pitches of these through holes 130 along all of the columns 
are set to the same intervals (equi-interval) in the flat bets 
101 and 102. However, the present invention is not limited 

* 

thereto, but the intervals may be changed in the respective 
25 columns. Also, among the three columns of through holes, a 
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pitch "p" of a central column of the through holes 130b is 
made equal to pitches "p" of both side columns of the through 
holes 130a and 130c. However, a phase "9" is shifted by 180 
degrees. 

5 This phase-shift setting is intended so as to avoid 

destruction of through-hole portions which are caused by belt 
meanders (will be explained later) .- 

Also, in this embodiment, while the plural columns of 
through holes 130 are formed in the flat belts 101 and 102, 
10 the plural columns of projections 140 are farmed in 

correspondence with the above-explained through holes 130 in 
the pulley 110. However, these projections 140 need not be 
provided in correspondence with all of these through holes 
130, but may be provided on at least a pulley 110 having the 

15 largest load. 

As a result, the projections 140 need not be fitted to 
all of the columns of these through holes 130, but may be fitted 
only to one column among the three columns thereof. 
Alternatively, the pitch of these projections 140 may be made 

20 equal to a pitch larger than the through-hole pitch multiplied 
by an integer. As a result, the fitting specifications of 
the flat belts 101/102 in which the plural columns of through 
holes 130 are formed, and also, the fitting specifications 
of the several pulleys 110 around which the flat belts 101 

25 and 102 are wound may be freely designed every use case. 
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[0049] 

Fig. 6(a) and Fig. 6(b) shows a summary of effects with 
respect to the loadof the structure of the image forming apparatus 
according to this embodiment, and Fig. 6(c) and Fig. 6(d) shows 
5 a summary of effects with regard to the belt meandering operations 

thereof more in detail. 

Fig. 6 shows both a perforation belt moved in a circulation 
manner along a direction indicated by an arrow (namely, flat 
belt equipped with through holes) and projections which are 
10 provided on a pulley and are fitted to through holes formed 

in this flat bet. 

Fig. 6(a) shows a drive condition in a comparison mode 
(flat belts 101' and 102' ) in which one column of through holes 
130' are formed. In a case of a heavy load, as indicated in 

15 this drawing, the flat belts 101' and 102' are moved along 
a direction opposite to the circulation direction of the through 
holes 130*, so that a distortion is produced at portions where 
these through holes 130' are engaged with the projections 140' . 
When a magnitude of this distortion becomes larger than, or 

20 equal to a certain magnitude, a belt portion of the through 
hole 130- is destroyed, so that the belt drive operation is 
brought into unstable drive operation. 

In order to reduce adverse influences of this distortion 
to drive the belts under stable conditions, in this embodiment, 

25 as shown in Fig. 6(b), plural columns of through holes 130 
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are formed in the flat belts 101 and 102 with respect to circulation 
directions. As a result, a distortion occurred in a portion 
of one through hole 130 when the pulley 110 to which a heavy 
load is given is driven can be reduced, and thus, driving force 
5 can be transferred under stable condition. 
[0050] 

Fig- 6(c) showns a modification mode in which the plural 
columns of through holes 130 are formed in the flat belts 101 
and 102 to have the same phase condition in this embodiment* 

10 In this case, similar effects to those of Fig. 6(b) may 

be achieved with respect to a load, and thus, a distortion 
occurred per a single hole portion of the through hole 130 
may be reduced. However, under such a condition that belt 
meandering operations are produced, the pitches of the hole 

15 portions of the through holes 130 with respect to the meander 
direction are excessively narrowed, so that there is no region 
capable of absorbing distortions, which may readily conduct 
destruction of hole portions of these through holes 130. 

To avoid this problem, when. the belt meander direction 

20 is considered, as explained in this embodiment, it is preferable 
to employ a belt structure as indicated in Fig. 6(d). 

To this end, in the case that widths of flat belts are 
made sufficiently wide, since pitches of plural columns of 
through holes along the meander direction is large, there is 

25 no problem even if the belt structure of Fig. 6(c) is employed. 
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However, in the case that a compactness of an apparatus such 
as an image forming apparatus is required, it is preferable 
to employ such a belt structure shown in Fig. 6(d). As a 
consequence, since the belt structures as indicated in Fig. 
5 4 (b) and Fig. 4 (d) are employed in this embodiment, the stable 
belt driving operations can be realized. 
[0051] 

Therefore, in accordance with this embodiment, there is 
no risk that the hole portions of the through holes 130 formed 

10 in the flat belts 101 and 102 are destroyed, and furthermore, 
the driving force derived from the drive motor can be firmly 
transferred to the photosensitive drums 11 (UK to 11C) , the 
first intermediate transfer drums 31a/31b, and the second 
intermediate transfer drum 32. 

15 This fact is proved in an example 1 (will be discussed 

later) . 

[0052] 

More specifically, in the technical field of color image 
forming apparatus which have been currently and advantageously 

20 developed, in order to reduce electric power consumption and 
manufacturing cost, a drive system is required in which not 
only photosensitive drums, but also intermediate transfer drums 
and intermediate transfer belts, and furthermore, transfer 
rollers and charge rollers are driven by a single drive motor. 

25 There is such a trend that load torque is gradually increased, 
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and driving force transfer members should endure this increased 
load torque to realize color image forming operations. 

in addition, in order to reduce cost of parts, there are 
many possibilities that as to bearings for supporting rotation 
5 shafts of respective image carrier drums, roller bearings which 
have been conventionally used are replaced by slide bearings. 
Under such a bearing change environment, load torque would 
be increased by replacing these roller bearings with these 
slide bearings. 

10 This embodiment can achieve very large effects even under 

such a requirement. This merit may be similarly achieved in 
the below-mentioned embodiments. 
[0053] 

Incidentally, in this first embodiment, as the belt driving 
15 apparatus 100, such a belt driving apparatus has been employed 
which is constituted by the two flat belts 101 and 102, and 
the pulleys 110 (111 to 117, 121, 122) for hanging these flat 
belts. However, the present invention is not limited to this 
belt driving apparatus, but may be applied to another belt 
20 driving apparatus as shown in Fig. 7. That is, while this 
belt driving apparatus 100 is equipped with a single flat belt 
103, and pulleys (namely, driven pulleys 111 to 117, and tension 
pulley 121) for hanging this single flat belt 103, for example, 
the driving force derived from the drive motor may be applied 
25 to the driven pulley coupled to the second intermediate transfer 
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drum 32, and also this driving force may be transferred to 
the respective pulleys 110 via the single flat belt 103 which 
is hung over the respective pulleys 110 so as to drive the 
photosensitive drums 11 (UK to 11C) , the first intermediate 
5 transfer drums 31a/31b, and the second intermediate transfer 

drum 32 . 

[00541 

0 Embodiment 2 

Fig . 8 is a sectional diagram for schematically representing 
10 an embodiment 2 of a copying machine (image forming apparatus) 
90 to which the present invention is applied. 

In this drawing, an arrangement of this copying machine 
90 will now be explained, while this arrangement is subdivided 
into an image input system, an image forming system, and a 
15 sheet transporting system* 

The image input system is provided with an original mounting 
base 70, an original reading apparatus 71, andan image processing 
apparatus 72. 

The image forming system is provided with an image forming 
20 station 10, an exposing apparatus 13, two first intermediate 
transfer drums 31, and one second intermediate transfer drum 
32. The image forming stations 10 (concretely speaking, 
reference numerals 10K, 10Y, 10M, 10C, namely, portions 
surrounded by dotted lines in this drawing) correspond to each 
25 of black, yellow, magenta, and cyan colors. The exposing 
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apparatus 13 (concretely speaking, reference numerals 13K to 
13C) expose the image forming stations 10 in response to image 
data supplied from the image processing apparatus 72. 

In this case, the image forming stations 10 (10K to IOC) 
5 is equipped with electrophotographic devices such as a 

photosensitive drum'll (concretely speaking, reference numerals 
UK to llC), a charging apparatus 12 (concretely speaking, 
reference numerals 12K to 12C) , a developing apparatus 14 
(concretely speaking, reference numerals 14K to 14C) , a drum 

10 cleaner 15 (concretely speaking, reference numeral 15K to 15C) , 
anda transfer roller 22 (concretely speaking, reference numerals 
22K to 22C) . The charging apparatus 12 charges the 
photosensitive drum 11. The developing apparatus 14 develops 
a latent image written on the charged photosensitive drum 11 

15 by using the exposing apparatus 13, by using the respective 
color toners. The drum cleaner 15 cleans toners left on the 
photosensitive drum 11. The transfer roller 22 transfers an 
image formed on the photosensitive drum 11 to the recording 
sheet "S." 

20 In particular, in this embodiment, the photosensitive 

drums 11 (reference numbers UK to 11C) are driven by belt 
driving apparatus 50 (concretely speaking, reference numerals 
50K to 50C) , respectively. In the belt driving apparatus 50 
(reference numerals 50K to 50C) , driving force derived from 

25 a single drive motor is supplied via an entire belt driving 
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apparatus (not shown) to the driving force transfer shafts 
of each of belt driving apparatus 50. 
[0055] 

Further, the sheet transporting system is provided with 
5 a sheet transporting belt 20, and a fixing roller 44, and so 
on. This sheet transporting. belt 20 transports a recording 
sheet "S" in correspondence with each of the image forming 
stations 10 (reference numerals 10K to 10C) and is positioned 
at a post stage of a register roller 42. The fixing roller 
10 44 is provided at a post stage of this sheet transporting belt 
20. 

Then, in this embodiment, the sheet transporting belt 
20 is tensioned and worn over a plurality of tension rollers 
24 (reference numerals 24a to 24e) including at least a driving 

15 roller 24a. Around this sheet transporting belt 20, there 
are provided a belt cleaner 26, a belt erasing apparatus 27, 
a sucking electrostatic charging apparatus 28, and a stripping 
electrostatic charging apparatus 29 . The suckingelectrostatic 
charging apparatus 28 sucks and holds the recording sheet "3" 

20 onto the sheet transporting belt 20. The stripping 

electrostatic charging apparatus 29 stripes the recording sheet 
"S" from the sheet transporting belt 20. 
[0056] 

Next, a description will now be made of basic full-color 
25 copying operations of such a copying machine 80. 
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First, when a user mounts an original to be read on the 
original mounting base 70, and then, instructs a full-color 
copying operation by using a user interface (not shown) , the 
image reading apparatus 71 scans this original so as to optically 
5 read the content of this scanned original, and then, converts 
the read original content into an electric signal (image data 
"I") . This image data I is color-separated into a black color, 
a yellow color, a magenta color, and a cyan color in the image 
processing apparatus 72 . Also, this image processing apparatus 
10 72 performs such an image processing operation that a 

predetermined weighting factor in which a characteristic of 
a marking device/process is taken into consideration is applied 
to the image data "I (namely, IK, IY, IM, IC) - • having these 
colors . 

15 [0057] 

On the other hand, the photosensitive drums 11 employed 
within the respective image forming stations 10 are rotary-driven 
by a belt driving apparatus 50 (reference numerals 50K to 50C) 
along directions indicated by arrows as shown in this drawing. 

20 The surfaces of these photosensitive drums 11 (reference 
numerals 11K to 11C) are uniformly charged at a predetermined 
potential by the charging apparatus 12 (reference numerals 
12K to 12C) . Then, the respective exposing apparatus 13 (13K 
to 13C) expose exposure light corresponding to the respective 

25 image data l'(IK to IC) onto the surfaces of the respective 
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photosensitive drums 11 (UK to UC) at predetermined timing, 
so that latent images are formed by potential differences on 
the surfaces of the respective photosensitive drums 11 (UK 
to 11C) . The latent images are converted into toner images 
5 "T" (K, Y, M, C) in such a manner that the toners are 

electrostatically adhered onto these latent images by way of 
the respective developing apparatus 14 (14K to 14C) . 
[0058] 

As explained above, while the toner image T (K, Y, M, 
10 C) is formed, one sheet of the recording sheet "S" stored in 
a sheet tray (not shown) is picked-up by a pick-up roller 41 
(not shown) , and then, is transported to the register roller 
42. For instance, since the register roller 42 starts to be 
rotated from the stop condition up to predetermined timing, 
15 the recording sheet "S" is transferred to the sheet transporting 
belt 20 which is rotary-driven by a driving apparatus (not 
shown) along a direction denoted by an arrow of this drawing. 

incidentally, while the recording sheet "S" is transferred 
from the register roller 42 to the sheet transporting belt 
20 20, electron charges are applied from the sucking electrostatic 
charging apparatus 28 to the sheet transporting belt 20 in 
such a manner that this recording sheet "S" is sucked to the 
sheet transporting belt 20. 
[0059] 

25 Then, the toner images T (K, Y, M, C) formed on the 
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photosensitive drums 11 (HKtollC) are sequentially transferred 
from the respective photosensitive drums 11 (11K to 11C) onto 
the sheet transporting belt 20 by the transfer roller 22 (22K 
to 22C) in an electrostatic manner. In this case, the toner 
5 image T(K) is firstly transferred (primary- trans f erred) onto 
the recording sheet "S", the toner image T{Y) is transferred 
onto this toner image T (KJ , and theii, the toner image T (M) 
is transferred onto this toner image T(Y), and furthermore, 
the toner image T(C) is superimposed onto this toner image 

10 T (M) in a sequential manner* As a result/ a full^colored toner 
image T <K, Y, M, C) is formed. 

Incidentally/ articles such as toners which are partially 
left on the surfaces of the respective photosensitive drums 
11 (HKtollC) after the primary transfer operation is eliminated 

15 by drum cleaners 15 (reference numerals 15K to 15C) - Also, 
articles such as toners which remain on the surface of the 
sheet transporting belt 20 is removed by the belt cleaner 26. 
Furthermore, potential histories which are left on the sheet J 
transporting belt 20 is eliminated by the belt erasing apparatus I 

20 27. 

[0060] 

Thereafter, when the recording sheet S passes through 
the nip portion of the fixing roller 44, while the full-colored 
toner image T (K, Y, M, C) is electrostatically held on the 
25 surface of this recording sheet S, this full-colored toner 

59 

i 



Received at: 10:23AM, 11/4/2003 

03-11- 4 ; 1 0 : 51 PM : NG8 



OLIFF 



;81355613954 



# 67/275 



image T (K, Y, M, C) is fixed on this surface by receiving 
heat (thermal energy) and pressure given from the respective 
fixing rollers 44 and also effects thereof, and then, the 
recording sheet "S" on which the full-colored toner image has 
5 been fixed is ejected to the ejection tray 45 provided outside 

the copying machine 90. 

In this case, when the recording paper "S" is transferred 
from the sheet transporting belt 20 to the fixing roller 44, 
such electron charges are appliedby the stripping electrostatic 
10 charging apparatus 29 to the recording sheet "S", by which 
this recording sheet »S" is stripped from the sheet transporting 
belt 20. 

While such a series of copying steps is defined as one 
cycle, this copy cycle is continuously carried out, so that 
15 full-colored images can be successively copied. 

[0061] 

Similar to the embodiment 1, when both the flat belt equipped 
with plural columns of holes and the pulley equipped with 
projections are applied to the respective belt driving apparatus 
20 50 {50K to 50C) and the entire belt driving apparatus, which 
are employed so as to drive the respective photosensitive drums 
11 (UK to HO of the copying machine 90, both operations 
and effects similar to those of the embodiment 1 can be achieved. 
Also, a belt driving apparatus similar to that of the 
25 embodiment 1 may be also applied to the driving apparatus of 
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the sheet transporting belt 20 . Alternatively, the belt driving 
apparatus similar to those of the embodiment 1 may be applied 
to both apparatus. 
[0062] 

5 0 Embodiment 3 

Any of the above-descried embodiments 1 and 2 represent 
the belt driving apparatus applicable to the image forming 
apparatus. In contrast, this embodiment shows a typical mode 
of belt driving apparatus for widely driving a member to be 
10 driven. 

A belt driving apparatus 100 related to Fig. 9(a) to Fig. 
9 (d) is equipped with a single flat belt 105 and tension members 
on which this flat belt 105 is worn. As this tension member, 
a drive pulley 151, two driven pulleys 152, 153, and also a 
15 tension pulley 154 are provided, to which driving force derived 
from a drive motor (not shown) is transferred. These driven 
pulleys 152 and 153 are positioned adjacent to this drive pulley 
151, and are coupled to the member to be driven (not shown) . 
The tension pulley 154 is employed so as to circulate the 

20 flat belt 105. 

[0063] 

Similar to the above -de scribed embodiment 1, in this 
embodiment 3, plural columns (three columns in this example) 
of through holes 130 are formed in the flat belt 105 along 
25 a travel direction thereof . Also, plural columns of pro j ections 
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140 are formed on either all or a portion of these pulleys 
151 to 154 (in this example, the projections 140 are formed 
on the drive pulley 151, the driven pulleys 152 and 153) . 
These projections 140 are located in correspondence with the 
5 through holes 130 of the flat belt 105. Since the projection 
140 of the pulley 110 are engaged to the through holes 130 
of the flat belt 105, the stable driving operation of the flat 

belt 105 is realized. 

In accordance with this embodiment 3, similar to the 

10 embodiment 1, even in such a case that heavy loads are given 
to the driven pulleys 152 and 153 to which the member to be 
driven is coupled, and also the flat belt 105 tries to meander, 
the driving force can be firmly transferred to the member to 
be driven, while the operation force given to the hole portions 

15 of the through hole 130 of the flat belt 105 is distributed. 

[0064] 

Also, the belt driving apparatus 100 related to Fig. 9(b) 
is constructed of 3-column through hole type in such a manner 
that plural columns of through holes 131 are arrayed in an 

20 oblique manner along a belt meander direction (namely, width 
direction located perpendicular to travel direction) , while 
these plural through holes 131 are not overlapped with each 
other. Furthermore, projections 141 corresponding to the 
above-explained through holes 131 are provided on either all, 

25 or a portion of pulleys 151 to 154. As a result, this belt 
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driving apparatus 100 can strength rigidity with respect to 
the belt width direction, as compared with the rigidity of 
the belt driving apparatus shown in Fig. 9(a). 

Further, the belt driving apparatus 100 related to Fig. 
5 9(c) is constructed of 2-column through hole type in such a 
manner that plural columns of through holes 132 are arrayed 
in an oblique manner along a belt meander direction (namely, 
width direction located perpendicular to travel direction) , 
while these plural through holes 132 are not overlapped with 
10 each other. Furthermore, projections 142 corresponding to 
the above-explained through holes 132 are provided on either 
all, or a portion of pulleys 151 to 154. 
[0065] 

Moreover, the belt driving apparatus 100 related to Fig. 
15 9(d) is constructed of 2-column through hole type in such a 
manner that plural columns of through holes 133 are arrayed 
in a parallel manner along a belt meander direction (namely, 
width direction located perpendicular to travel direction) . 
Furthermore, projections 143 corresponding to the 
20 above-explained through holes 133 are provided on either all, 
or a portion of pulleys 151 to 154. 

This mode of the belt driving apparatus 100 shown in Fig. 
9 (d) is not suitably operated in such a case that a large belt 
meandering operation occurs. However, when a load is given 
25 to both the driven pulleys 152 and 153, the two columns of 
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through holes 133 are engaged with the projections at the same 
time to drive the belt 105. As a consequence, when a heavy 
load is driven by the belt 105, the array of these through 
holes and projections of this belt driving apparatus 100 may 

5 achieve advantages . 

Therefore, several modes of these belt driving apparatus 
according to this embodiment are combined with each other in 
accordance with a drive specification to be applied, and whereby 
the belt can be driven under stable condition, and further, 
10 higher rotation fluctuation preventing precision can be 

achieved. 

[0066] 

O Embodiment 4 

Fig. 10 shows a belt driving apparatus which is applied 

15 to a copying machine ( image forming apparatus ) 8 oof an embodiment 
4 to which the present invention is applied. 

In this drawing, a basic arrangement of the copying machine 
80 is substantially similar to that of the embodiment 1, and 
is equippedwith four photosensitive drums 11 (reference numerals 

20 UK to 11C) , two first intermediate transfer drums 31a and 
31b, and a second intermediate transfer drum 32. However, 
an construction of a belt driving apparatus 160 employed in 
this embodiment 7 is different from that of the embodiment 
1. Incidentally, the same, or similar reference numerals shown 

25 in the embodiment 1 will be employed as those for denoting 
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the same, or similar structural elements of this embodiment 
7, and therefore, detailed explanations thereof are omitted. 

In this embodiment, as shown in Fig. 10 to Fig. 12, the 
belt driving apparatus 160 drives respective photosensitive 
5 drums 11 (UK to 11C) , first intermediate transfer drums 31a, 
31b, and a second intermediate transfer drum 32. This belt 
driving apparatus 160 is provided with two flat belts 171, 
172, and various sorts of tension members on which these flat 
belts 171 and 172 are tensioned or worn. 

10 in this case, as the above-described tension member, there 

are driven (driven) pulleys 181 to 187, and tension pulleys 
191 and 192 for circulating the respective flat belts 171 and 
172. The driven pulleys 181 to 187 are mounted on one ends 
of the respective photosensitive drums 11 (UK to 11C) , the 

15 first intermediate transfer drums 31a and 31b, and the second 
intermediate transfer drum 32 along axial directions thereof, 
respectively. 

Incidentally, in this embodiment, the driven pulley 187 
mounted on the second intermediate transfer drum 32 has a 
20 two-stage belt hanging plane over which the first flat belt 
171 and the second flat belt 172 are hung. 
[0067] 

Then, the first flat belt 171 is hung over the tension 
pulley 191/ the driven pulleys 181 to 184 which are mounted 
25 on the axes of the respective photosensitive drums 11 (UK 
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to 11C) , and the driven pulley 117 which is mounted on the 
axis of the second intermediate transfer drum 32. 

On the other hand, the second flat belt 172 is hung over 
the tension pulley 192, the driven pulleys 185 and 186 which 
5 are mounted on the axes of the first intermediate drums 31a 
and 31b, and the driven pulley 187 which is mounted on the 
axis of the second intermediate transfer drum 32. 

Incidentally, pulley shafts (not shown) provided with 
the pulleys 181 to 187, 191, and 192, respectively, are supported 

10 by respective slide bearings which are provided on side surfaces 
of the copying machine 80, and therefore, these pulley shafts 
canbe freely rotated. Also, in this example, among the two-stage 
belt hanging planes of the driven pulley 187, the diameter 
of the belt hanging plane provided for the first flat belt 

15 171 is formed larger than the diameter of the belt hanging 
plane provided for the second flat belt 172. 

More specifically, in accordance to this embodiment, while 
the flat belts 171 and 172 are equipped with, for instance, 
one column of through holes 175 along travel directions of 

20 these flat belts 171 and 172, respectively, projections 176 
corresponding to the above-described through holes 175 are 
provided on either all of a portion of the pulleys over which 
these flat belts 171 and 172 are hung. These flat belts are 
constituted by such a perforation belt capable of transferring 

25 driving force by fitting these projections 176 to the through 
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holes 175. 

[0068] 

in this case, as to a way how to apply power derived from 
a driving motor (drive source not shown) to which shaft, it 
5 is preferable that the driving force derived from the driving 
motor is entered to a pulley shaft, whose winding angles between 
flat belts and pulleys are large. 

in this embodiment, for instance, the driving force derived 
from the driving motor may be entered to the shaft of the second 
10 intermediate transfer drum 32. Alternatively, the driving 
force derived from the driving motor may be entered into another 
pulley shaft. 

Also, with respect to materials of these flat belts and 
materials of these pulleys, any materials may be properly 

15 selected in a similar manner to that of the embodiment 1. 
For example, as these flat belts, metal materials such as 
stainless steel, nickel, and titanium are preferably used in 
view of durability and processing precision etc. On the other 
hand, as materials of these pulleys, metal materials such as 

20 • stainless steel, aluminum, and carbon steel are preferably 
used in view of durability and processing precision etc. 
[0069] 

In particular, in this embodiment, free rotating members 
200 (concretely speaking, reference numerals 200a and 200b) 
25 are mounted on the driven pulleys 185 and 186 of the first 
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intermediate transfer drums 31a and 31b- The free rotating 
members 200 are freely rotatable and are positioned in a coaxial 
manner to shafts of these driven pulleys 185 and 186. The 
flat belt 171 is worn via the free rotating member 200a over 
5 the driven pulleys 181 and 182 of the photosensitive drums 
11 (UK, 11Y). On the other hand, the flat belt 171 is worn 
via the free rotating member 200b over the driven pulleys 183 
and 184 of the photosensitive drums 11 (11M, 11C) - 

in this case, as the free rotating members 200, various 
10 sorts of members may be freely selected, for instance, a collar 
is selectable if these selected members are freely rotatable 
with respect to the shafts of the driven pulleys. In this 
example, for example, as illustrated in Fig. 13(a) (b) , a ball 
bearing is employed. This ball bearing is constituted by an 
15 inner ring case 201 and an outer ring case 202. The inner 
ring case 201 is inserted under pressure and coupled to the 
shafts of the above-explained driven pulleys 185 and 186. 
The outer ring case 202 is rotatably provided via a ball 203 
on the outer side of the inner ring case 201. 

20 [0070] 

Also/ the free rotating members 200 may preferably restrict 

the positions of the first intermediate transfer drums 31a 
and 31b with respect to the axial direction of the rotary shaft 



25 



310. 

When the above-described free rotating members 200 has 
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the degree of freedom along the axial direction, this may cause 
the meandering operations of the flat belts 171 and 172 to 
occur. For example, in a case that a flat belt equipped with 
holes such as a perforation belt is used, either the projections 
5 17 6 formed on the driven pulleys 181 and 182 provided for the 
photosensitive drums 11 {namely, drums UK and 11Y in this 
example) or the projections 176 formed on the driven pulleys 
183 and 184 provided for the photosensitive drums 11 (namely, 
drums 11M and 11C in this example) are rubbed with the through 

10 holes 175 formed in the flat belts 171 and 172, so that the 
hole portions of the through holes 175 is easy to destroy. 
The driven pulleys 181 and 182 are located on the upper stream 
side of the free rotating members 200, whereas the driven pulleys 
183 and 184 are located on the lower stream side thereof. 

15 in this case, as the axial direction restriction of the 

free rotating member 200, as shown in Fig. 13 (b) , for example, 
a position restricting member 210 such as an E-ring and an 
O-ring may be provided on both sides, or one side of this free 
rotating member 200. In this example, the position restricting 

20 members 210 are provided on both sides of the free rotating 
member 200. 
[0071] 

Also, in this embodiment, the flat belts 171 and 172 are 
worn over the peripheral planes of the free rotating members 
25 200. As indicated by a virtual line of Fig. 13(b), it is 
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preferable that while projections 205 are provided on the 
peripheral planes of the free rotating member 200 (in this 
case, peripheral plane of outer ring case 202) in correspondence 
with the through holes 175 of the flat belts 171 and 172, the 
5 positional restriction is carried out with respect to the axial 
directions between the free rotating member 200 and the flat 
belts 171 and 172. 
[0072] 

Next, a description will be given on operations of the 
10 belt driving apparatus of the image forming apparatus according 

to this embodiment. 

In this embodiment, when driving force derived from a 
drive motor is entered to the rotation shaft of the second 
intermediate transfer drum 32, the driven pulley 187 of this 

15 second intermediate transfer drum 32 is rotated, so that the 
driving force is transferred via the second flat belt 172, 
the driven pulleys 185 and 186, and the tension pulley 192 
to the first intermediate transfer drums 31a and 31b. 

On the other hand, when the driven pulley 187 of the second 

20 intermediate transfer drum 32 is rotated, the driving force 
is transferred via the first flat belt 171, the driven pulleys 
181 to 184, the tension pulley 192, and the free rotating members 
200 (namely, members 200a and 200b) to the respective 
photosensitive drums 11 (namely, drums UK to 11C) . 

25 [0073] 
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At this time, the first flat belt 171 is worn via the 
free rotating member 200a, the tension pulley 191, and the 
rotating member 200b over the driven pulleys 181 to 164, which 
are located adjacent to the respective photosensitive drums 
5 11 at a winding angle larger than or equal to approximately 
180 degrees . 

Under this condition, since the winding regions between 
the first flat belt 171 and the respective driven pulleys 181 
to 184 are increased, not only transferring the driving force 

10 applied to the driven pulleys 181 to 184 is stable, but also 
since the force exerted to the hole portions of the through 
holes 175 is distributed, which is caused by fitting the through 
holes 175 of the first flat belt 171 to the projections 176 
of the driven pulleys 181 to 184, the destruction of the hole 

15 portions of the through holes 175, which is caused by that 
local stress is applied to the hole portions of the through 
holes 175, can be advantageously avoided. 
[0074] 

Particularly, in this example, although the rotation shaft 
20 direction of the first intermediate transfer drums 31a and 
31b is reversed with respect to the rotation direction of the 
free rotating member 200, since the free rotating member 200 
can be freely rotated with respect to the rotation shafts of 
the first intermediate transfer drums 31a and 31b, movement 
25 of the first flat belt 171 is not deteriorated. 
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Assuming now that the free rotating member 200 is not 
employed, the first flat belt 171 is directly worn on the rotation 
shafts of the first intermediate transfer drums 31a and 31b. 
However, in this assumption case, both a load and a driving 
5 load given to the flat belt 171 are increased and the damage 
of the first flat belt 171 caused by this friction would be 
increased, thus to be undesirable- - 
[0075] 

In addition, since the free rotating members 200 use the 
10 rotation shafts of the first intermediate transfer drums 31a 
and 31b as the supporting members, the exclusively-used tension 
pulley supporting member is not required- Also, the 
installation space of the free rotating members 200 is not 
unnecessarily enlarged. 

15 [0076] 

The belt driving apparatus 160 according to the embodiment 
is not limited only to the above-explained structures, but 
also this design of the belt driving apparatus 160 may be changed 
as shown in, for example, Fig. 14, 

20 The belt driving apparatus 160 shown in Fig, 14 utilizes 

a mode with employment of a speed reduction mechanism . 

In this drawing, the speed reduction mechanism is that 
driving force derived from a drive motor {not shown) is entered 
into a shaft 220by which adrive pulley 221 is rotatably supported, 

25 a rotation speed is reduced by way of a belt transmission, 
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and the driving force is transferred to an output axis. 

In this case, a rotation shaft of a driven pulley 231 
and a rotation shaft of a driven pulley 232 are common. A 
first flat belt 241 is worn over a drive pulley 221 which accepts 
5 input power supplied from the drive motor and is worn over 
the driven pulley 231. On the other hand, a second flat belt 
242 is worn between the driven pulley 232 and another driven 
pulley 251 provided at an output shaft 250. 



10 



[0077] 



In such a reduction mechanism, in a case that a heavy 
load is given to the output shaft 250, a belt tensile load 
given to the first flat belt 241 is different from a belt tensile 
load given to the second flat belt 242. The second flat belt 
242 receives larger tensile load force. As a result, there 
15 is a risk that such a winding angle which is sufficient in 
the first flat belt 241 in view of slips may be insufficient 
in the second flat belt 242. 

Under such a circumstance, in a case that the winding 
angle of the second flat belt 242 which is worn around the 
20 driven pulley 251 is increased, as shown in Fig. 14, the rotation 
shaft (input shaft) 220 of the driving pulley 221 is provided 
with the free rotating member 200, which is freely rotatable 
and is positioned in a coaxial manner to this rotation angle 
220. The second flat belt 242 is wounded with respect to this 
25 free rotating member 200, and whereby the winding angles of 
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the second flat belt 242 with respect to the driven pulley 
232 and the driven pulley 251 increases, while such an extra 
tension pulley supporting member is not provided and also the 
space is not required. 
5 (0078] 

Incidentally, as apparently from the foregoing 
descriptions, the belt driving apparatus 160 (namely, mode 
using free rotating members 200) of this embodiment may be 
applied to the belt driving apparatus of the image forming 
10 apparatus according to the embodiment 2. 

[0106] 

[Example] 
O EXAMPLE 1 

While the image forming apparatus according to the 
15 embodiment 1 is employed as an experiment model, the Inventors 
of the present invention actually investigated concentration 
fluctuations in output images and positional shifts in images - 
As a result of their experiments, even under such a condition 
that driven pulley shaft torque was given by which a flat belt 
20 having no hole was could not be driven, this image forming 
apparatus could succeed to reduce both the concentration 
fluctuations in the output images and the positional shifts 
of the images lower than, or equal to recognizable limit values . 
One example of the above-described examples is shown in 

25 Fig. 15. 
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In this drawing, while a variation in engagements between 
through hole portions of a belt and projections of a pulley 
could be reduced up to AVO - p < 0 . 3% which is a target level, 
a fluctuation in image concentration could be reduced lower 
5 than, or equal to the recognizable limit value. 
[0080] 

Also, in accordance with this example, an adverse influence 
caused by belt meanders which were produced by increasing belt 
initial tension could be reduced. 
10 One example is shown in Fig. 16. Incidentally, a result 

of comparative examples (belt though hole is one-column hole) 

is shown in Fig. 17. 

First, considering the comparative example, Fig. 17 shows 
progress in rotation fluctuation levels when a belt is 

15 continuously driven as follows: That is, 1) belt tension is 
increased from "T 0 " to "Ti" without applying a load to a driven 
pulley (see region "CI") . 2) Next, the belt tension is returned 
to "To", only a load equal to a half of a target value is applied 
to the driven pulley, and the belt tension is increased from 

20 "To" to "Ti" in a similar manner to the previous case (see region 
"C2") . 3) Furthermore, the belt tension is returned to "T 0 ", 
a load equal to the target value is applied to the driven pulley, 
and the belt tension is increased from "T 0 " to "Ti" (see region 

"C3") . 
25 [0081] 



75 



Received at: 10:23AM, 11/4/2003 



03-11- 4 ; 1 0 : 51 PM;NGB 



OLIFF 



;81355613954 



# 83/275 



As apparent from this drawing, when the belt tension is 
changed from the item 1) to the item 2), it can be seen that 
although the belt tension is returned to the initial condition, 
the level of the rotation fluctuation is not returned to the 
5 initial condition- This reason is given as follows. This is 
not an adverse influence due to the load because the item 1) 
is no load drive, but an adverse influence cased by that the 
belt meandering operation occurs, which gives the damage to 
the hole portions of the through holes when the belt tension 

10 is increased up to "Ti". 

Also, in the items 2) and 3) where the load is given to 
the driven pulley, it can be seen that the rotation fluctuation 
level is gradually deteriorated, and therefore, the adverse 
influence caused by the load is mixed with the adverse inf luence 

15 caused by the belt meandering operation. 

After the experiment has been accomplished, when the hole 
portions of the belt through holes are observed, the damage 
produced by engaging the hole portions of the belt through- 
holes cause the hole portions to be plastic-deformed, and cracks 

20 are produced in a certain hole portion. If such a phenomenon 
occurs, then it is practically difficult to play a role as 
apparently an image forming apparatus, and further, a driving 
force transmission apparatus, 
[0082] 

25 To the contrary, Fig* 16 shows progress in rotation 
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fluctuation levels when the belt is continuously driven as 
follows, into which this example has been conducted: That is, 
1) while belt tension is set to "T 0 ", a load given to a driven 
pulley is gradually increased from 0 to the target value (see 

5 region "Al") . 2) Next, the belt tension is returned to "T 0 ", 
the belt tension is set to Ti (T 0 x 1.4), and a load given to 
the driven pulley is gradually increased from 0 to the target 
value (see region "A2") . 3) Furthermore, after the belt tension 
is returned to "T 0 ", the belt tension is set to T 2 (T 0 x 1.7), 

10 and the load given to the driven pulley is gradually increased 
from 0 to the target value (see region A3) . 

As apparent from this drawing, when the load given to 
the driven pulley is increased, there is such a trend that 
the rotation fluctuation is slightly deteriorated. However, 

15 the level of this deteriorated rotation fluctuation is small. 
Also, there is substantially no adverse influence caused by 
the belt meandering operation which is produced by increasing 
the belt tension. In other words, while the experiment is 
carried out, in a case that the belt tension is returned to 

20 the initial condition so as to set no load condition, the level 
of the rotation fluctuations is also returned to the initial 
condition, resulting in reproducibility. 

Conversely, since the belt tension is increased, the 
gripping force exerted between the pulley and the flat belt 

25 is increased, and the rotation fluctuation caused by the 
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engagement between the pulley and the flat belt may be reduced. 

As a consequence, since this example 1 is conducted, "AVO 
- p« corresponding to the concentration fluctuation recognizable 
limit value of the output image could be reduced smaller than, 
5 or equal to 0 . 3% and a driving force transmission system having 
higher reliability with respect to the load and the belt 
meandering operation could be provided. 

[0083] 
O Example 2 

10 The image forming apparatus according to the embodiment 

4 is employed as an experiment mode and the Inventors of the 
present invention actually investigated concentration 
fluctuations in output images and positional shifts in images, 
in accordance with the experiment performed by the Inventors, 

15 even when a mode uses a flat belt having no hole, since a winding 
angleof the flatbeltwith respect to apulleycanbe sufficiently 

increased, a slip occurred between the flat belt and the pulley 
can be effectively avoided. 

Even under such a condition that driven pulley shaft torque 

20 was given by which a flat belt having no hole was slipped and 
could not be driven, this image forming apparatus could succeed 
to reduce the concentration fluctuations in the output images 
and the positional shifts of the images lower than, or equal 
to recognizable limit values. 

25 One example is shown in Fig. 18. 
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In this drawing/ while a variation in engagements between 
through hole portions of a belt and projections of a pulley 
could be reduced up to AVO - p < 0.3% which is a target level, 
a fluctuation in image concentration could be reduced lower 
5 than, or equal to the recognizable limit value. 
[0084] 

[Effect of the Invention] 

As previously described in detail/ in accordance with 
the driving force transmission apparatus of the invention/ 

10 the following effects can be achieved- That is, in the system 
for transferring the driving force by wearing an endless-shaped 
flat belt over a plurality of tension members, the plurality 
of columns of the through holes which are arrayed in the flat 
belt along the travel direction thereof, and also the pro j ections 

IS are formed on at least one of the plural tension members over 
which the flat belt is worn. While the engaging conditions 
between the through holes and the projections can be firmly 
maintained/ the driving force transmission apparatus owns such 
a structure capable of avoiding concentration of the operation 

20 force onto the hole portions of the through holes. As a 
consequence, apparently, this driving force transmission 
apparatus can effectively prevent the slips occurred between 
the flat belt and the tension members/ and also, can effectively 
distribute the force exerted to the hole portions of the through 

25 holes under such a condition that the heavy rotation load is 
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applied to the driven member which is coupled to any one of 
the tension members . While the destruction of the hole portions 
of the through holes is effectively prevented, the driving 
force transmission apparatus can transfer the driving force 
5 to the driven member under stable condition. 

As a consequence, in the image forming apparatus with 
employment of such a driving force -transmission apparatus, 
since the destruction of the hole portions of the through holes 
formed in the flat belt having the through holes canbe effectively 
10 suppressed, and also, the driving force can be stably transferred 
to the image carrier corresponding to the member to be driven, 
this image forming apparatus can produce the output image without 
any image defect, while the lifetime of this flat belt having 
the through holes can be extended. 

15 [0085] 

Also, in accordance with the driving force transmission 
apparatus of the present invention, the following effects can 
be achieved. That is, in the system for transferring the driving 
force by wearing the endless -shaped flat belt over a plurality 

20 of tension members, while the free rotating member which can 
be freely rotated is provided in the coaxial manner with respect 
to the rotation shaft of at least one tension member among 
the plural tension members to which the driving force is 
transferred, the flat belt is worn via the free rotating member 

25 with respect to the adjoining tension members which are different 
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from such a tension member where this free rotating member 
is provided. As a consequence, for example, the winding angle 
of the flat belt with respect to the adjoining tension members 
can be set to the large angle. Moreover, the specific space 
5 is no longer required to be formed as the setting space of 
this free rotating member. 

As a result, in such an embodiment that, for instance, 
the member to be driven is coupled to at least one of these 
adjoining tension members, even under such a condition that 

10 the heavy rotation load is applied to the member to be driven, 
the setting space for the auxiliary tension member supporting 
member used to wear the flat belt is not specifically required, 
and the driving force can be stably transferred to the member 
to be driven without unnecessarily extending the layout space. 

15 Moreover, in the image forming apparatus with employment 

of such a driving force transmission apparatus, the auxiliary 
tension member supporting member is not specifically required 
so as to wear the flat belt. In addition, since the driving 
force can be transferred under stable condition to the image 

20 carrier corresponding to the member to be driven, this image 
forming apparatus can. produce such an output image having no 
image defect, while avoiding such a problem that this image 
forming apparatus is made bulky - 
[Brief Description of the Drawings] 

25 Fig. 1 (a) is an explanatory diagram for showing an outline 
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of a driving force transmission apparatus according to the 
present invention and Fig. 1(b) is an explanatory diagram for 
showing an outline of a driving force transmission apparatus 
according to another embodiment of the invention. 
5 Fig. 2 is an explanatory diagram for showing an entire 

structure of an image forming apparatus according to an 
embodiment 1 . 

Fig. 3 is a perspective explanatory diagram for showing 
a driving force transmissionapparatus employed in the embodiment 

10 1 in detail. 

Fig. 4(a) is an explanatory diagram for showing a front 

view of the driving force transmission apparatus employed in 

the embodiment 1, and Fig. 4 (b) is an explanatory diagram for 

showing a plan view thereof. 
15 F ig. 5(a) is an explanatory diagram for showing a major 

portion of the driving force transmission apparatus employed 
in the embodiment 1, Fig. 5(b) is a diagram viewed from a direction 
"B" of Fig 5(a) , and Fig. 5(c) is a diagram viewed from a direction 

«C" of Fig. 5 (a) . 

20 Fig. 6(a) is an explanatory diagram for showing an 

engagement state between through holes of flat belts and 
projections of pulleys in a comparison mode, Fig. 6(b) is an 
explanatory diagram for showing an engagement state between 
through holes of flat belts and projections of pulleys in this 

25 embodiment, Fig. 6(c) is an explanatory diagram for showing 
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an engagement state between through holes of flat belts and 
pro j ections of through holes in amodif iedmode of this embodiment 
when the flat belt is meandered; and Fig. 6 (d) is an explanatory 
diagram for showing an engagement state between through holes 
5 of flat belts and proj ections of through holes in this embodiment 
when the flat belt is meandered. 

Fig. 7 is an explanatory diagram for showing a modified 
mode of the driving force transmission apparatus employed in 

the embodiment 1 - 
10 Fig. 8 is an explanatory diagram for showing an overall 

structure of an image forming apparatus according to an 
embodiment 2 - 

Fig. 9(a) to Fig. 9(b) are explanatory diagrams for showing 
both a driving force transmission apparatus and modified 
15 embodiments thereof, according to an embodiment 3. 

Fig. 10 is an explanatory diagram for showing a major 
portion of an image forming apparatus according to an embodiment 
4. 

Fig. 11 is a perspective explanatory diagram for showing 
20 an outline of a driving force transmission apparatus employed 

in the embodiment 4 . 

Fig. 12 is a perspective explanatory diagram for showing 
the driving force transmission apparatus employed in the 
embodiment 4, as viewed from a rear surface side of Fig. 11. 
25 Fig. 13 (a) is an explanatory diagram for showing a concrete 
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example of a free rotating member, and Fig. 13(b) is an explanatory 
diagram for showing an example of position restrictions with 
respect to an axial direction of the free rotating member. 
Fig. 14 is an explanatory diagram for showing a modified 
5 mode of a driving force transmission apparatus employed in 

the embodiment 4 . 

Fig. 15 is an explanatory diagram for showing a rotation 
fluctuation in a driven pulley employed in a driving force 
transmission apparatus according to an example 1. 
10 Fig. 16 is an explanatory diagram for showing a drive 

result of the driving force transmission apparatus according 

to the example 1. 

Fig. 17 is an explanatory diagram for showing a drive 
result of a driving force transmission apparatus according 

15 to a comparative example. 

Fig. 18 is an explanatory diagram for showing a rotation 
fluctuation in a driven pulley employed in a driving force 
transmission apparatus according to an example 2. 

Fig. 19 is an explanatory diagram for showing problems 
20 of a driving force transmission apparatus according to a related 
art . 

Fig. 20 is an explanatory diagram for showing a relationship 
between the concentration fluctuation allowable value and the 
rotation fluctuation of an image carrier member in the image 
25 forming apparatus using the driving force transmission apparatus 
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according to the related art. 

Fig- 21 is an explanatory diagram for showing a relationship 
between the average rotation speed of the driven pulley and 
the load torque in the driving force transmission apparatus 
5 according to the related art, using the flat belt. 

Fig. 22 is an explanatory diagram for showing one example 
of the driving force transmission apparatus according to the 
related art, using the flat belt. 

Fig. 23(a) is an explanatory diagram for showing another 
10 example of the driving force transmission apparatus according 
to the related art, using the flat belt, and Fig. 23(b) is 
a diagram for showing this driving force transmission apparatus, 
as viewed from the direction B of Fig. 23(a). 

Fig. 24is an explanatory diagram for showing a relationship 
15 between the driven shaft load and the rotation average speed 
of the driven pulley in the driving force transmission apparatus 

related to Fig. 23. 

[Description of the Reference Numbers] 

1 flat belt 
20 2(2a-2d) tension members 

3 through hole 

4 projection 

5 free rotating member 
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[Name of Document] Abstract 

[Abstract] 

[Purpose] 

In a mode in which an endless-shaped flat belt is worn 
5 over a plurality of tension members, while a transmission error 
of driving force is eliminated caused by a slip between the 
flat belt and the tension members such as pulleys, the driving 
force is transferred under stable condition even under a 
condition that a heavy load is given to a member to be driven. 

10 [Solving means] 

While plural columns of through holes 3 are formed in 
at least one of flat belts 1 along a travel direction of the 
flat belts 1, plural columns of projections 4 are provided 
on at least one of tension members 2 along a rotation direction 

15 of the tension member 2 . This flat belt 1 is worn over these 
tension members 2. The through holes 3 formed in the flat 
belt 1 are fitted to these projections 4 . Also, a free rotating 
member 5 is mounted on at least one tension member 2a of the 
plural tension members 2 to which the driving force is transferred. 

20 This free rotating member 5 is freely rotatable and is positioned 
in a coaxial manner with respect to a rotation shaft of this 
tension member 2a. The flat belt 1 is worn via the free rotating 
member 5 over such tension members 2b and 2c, which are different 
from the tension member 2a on which this free rotating member 

25 5 is mounted, and are located adjacent to each other. Further, 
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an image forming apparatus with employment of these driving 
force transmission apparatus may be realized, 
[Selected Drawing] Figure 1 
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